Ttruwm 


UNCLASSIFIED 


SSlk 


CLASSIFICATION  OF  THIS  PAGE  (Whmt  Dm* Bnl*r*4) 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPL  ETINO  FORM 


HDL-TR-1925 


1/ 


\2.  GOVT  ACCESSION  NO. 

i>t> 


A.  TITLE  (m d  SuMllt) 


Equivalent  Transportation  Vibration  '■ - 

—-Procedures  and  Techniques  Applicable^ 
to  the  Army  M732  Field  Artillery  Fuzegr — 


•  - -  /  - - — j 

Technical yxeport^  s  j 


S.  PERFORMING  ORG.  REPORT  NUMBER 


Abraham  M.  Trydman 
Frank  L./Tevelow 


».  PERFORMING  OROANIZATIOH  NAME  AND  ADDRESS 

Harry  Diamond  Laboratories  / 
2800  Powder  Mill  Road 
Adelphi,  MD  20783 


10.  PRoWAm  ELEMENT,  PROJECT.  TASK 
AREA  •  WORK  UNIT  NUMBERS 


^  AS^ERORI  5CT1 


1.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

Army  Materials  and  Mechanics  Research 
Center 

Watertown.  MA  02172 


IJun 


80 


nauci  wwui  u  a.  jl  r  c. 

IX  MONITORING  AOEN&Y  NAME  AAOOREUf'l  <tttHt**<  t 


'll.  HUMBER  OF  pT0ES~ 
110 


i  CantrolUnl  Oltico) 


IS.  SECURITY  CLASS.  (ol  thl»  report) 

UNCLASSIFIED 


is.,  declassification/downoradino 
SCHEDULE 


Is.  Distribution  statement  Ca/tfii.  juwanj 

Approved  for  public  release;  distribution  unlimited. 


IT.  DISTRIBUTION  STATEMENT  (*l  tfi*  *h*U*e I  an M  In  BfacA  SO.  II  MHmiI  Awn  K*pm1) 


IS.  SUPPLEMENTARY  NOTES 

DRCMS  Code:  53970M6350 
HDL  Project:  852685 


If.  KEY  WO  NOS  fCondiNM  on  rororoo  etdm  //mcmmtf  and  Identify  by  block  number) 

Direct  digital  computer  codtrol 
Sine/random  vibration  testing 

Simulation  * 

Equivalent  testing 

Transportation  vibration  testing _ 

M.  ABSTRACT ff^IBHN  *********  MM»  . .  «K NIM» Sr  WnO mm+m> 

A  random  vibration  (RV)  test  in  the  5-  to  500-Hz  range  is  pro¬ 
posed  as  a  replacement  for  the  MIL-STD-331,  Method  119,  standard 
swept  sinusoidal  transportation  vibration  (TV)  test  (5  to  500  Hz, 

5  g  peak)  currently  used  for  lot  acceptance  testing  of  M732  fuze 
safety  and  arming  (SfiA)  production  modules.  The  objective  of  this 
Materials  Test  Technology  (MTT)  project  is  to  establish  RV  test 
criteria  that  will  produce  "damage"  to  the  S&A  module  equivalent  tc 
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20.  Abstract  (cont'd) 

>-that  incurred  in  the  standard  TV  test,  but  to  do  so  in  a  manner 
more  consistent  with  field-imposed  TV  conditions  and  to  do  so  in  a 
much  shorter  test  period.^. 

One  hundred  units  of  the  M732  S&A's  were  taken  from  a  stand¬ 
ard  lot  and  set  aside  for  this  project.  The  criteria  established 
for  damage  equivalency  evaluation  were  post-test  operability 
(turns-to-arm — TTA) ,  visual  inspection,  dimensional  measurements, 
and  chemical -mechanical  analysis.  Also,  information  was  obtained 
regarding  module  response  to  vibration  and  frequency  sub-bands  to 
which  the  module  or  its  component  parts  are  most  sensitive.  The 
information  resulted  from  use  of  a  triaxial  accelerometer  and  a 
strain  gage  mounted  on  the  module,  and  by  an  isolation-mounted 
acoustical  pickup.  Data  from  the  first  two  transducers  were 
analyzed  in  detail  by  use  of  computerized  spectral  analysis  meth¬ 
ods. 

Predictions  of  a  60-percent  reduction  in  test  time  came  about 
through  empirical  evaluation  of  the  number  of  reversal  cycles  per 
sweep  cycle  for  the  standard  TV  test  and  mathematical  analysis 
based  on  "false  alarm"  noise  theory.  RV  tests  at  5,  10,  15,  and 
20  g  rms  for  20  min/axis  bracketed  damage  (ascertained  by  TTA  and 
visual  inspection)  achieved  in  the  standard  test  in  a  4-hr  period. 
Acoustical  test  data  and  spectral  analysis  results  indicated  most 
activity  (thus  damage)  occurred  in  the  50-  to  250-Hz  sub-band. 
Narrower  activity  sub-bands  were  also  determined,  but  because  of 
the  specific  scope  of  the  project,  these  observations  were  not 
verified  as  to  the  specific  cause.  Other  definitive  conclusions 
were  that  lubrication  of  units  was  a  very  important  determinant 
in  affecting  final  damage,  and  that  transverse  vibration  was  a 
more  severe  test  than  axial  vibration.  Additional  tests  and 
evaluations  must  be  performed  to  finalize  specific  parameters  re¬ 
garding  envelope  shape  for  RV  testing,  spectral  amplitudes,  and 
corresponding  test  time  duration  per  axis. 
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1,  INTRODUCTION 

The  standard  transportation  vibration  (TV)  test 
for  qualification  of  ordnance  fuze  materiel  current¬ 
ly  invokes  a  swept  sinusoidal  frequency  Bpectrum 
to  drive  an  electrodynamic  shaker,  upon  which  the 
test  unit  is  mounted,  Specific  frequency  and  time 
conditions  are  imposed  by  MIL-STD  331,  Method 
1 19.  Procedure  I  of  this  test  calls  for  a  sinusoidal 
sweep  covering  5  to  500  Hz  at  a  rate  of  1  cycle 
(5 -*500—5  Hz)  per  hour,  with  four  such  cycles 
applied  consecutively  in  each  of  three  mutually 
perpendicular  directions.  One  axis  must  be  coinci¬ 
dent  with  the  longitudinal  fuze  axis;  the  total  test 
time  is  12  hours.  (Procedure  II  of  the  test  is  similar 
but  mandates  2  hours  of  testing  per  axis  for  a  total 
test  duration  of  6  hours.) 

Basically,  MIL-STD  331,  Method  119,  has 
been  the  standardized  TV  fuze  validation  and  lot  ac¬ 
ceptance  procedure  for  more  than  two  decades. 
Even  so,  it  should  be  noted  that  the  test  itself 
evolved  as  u  convenient  TV  criterion;  it  specified 
test  conditions  that  could  be  described  precisely 
and  duplicated  readily  at  a  variety  of  installations; 
thus,  tests  done  anywhere  provide  similar  data.  It 
should  also  be  noted  that  the  standard  test  made  no 
utttmpt  to  “simulate”  actual  field  TV  conditions 
since  the  real  environment  In  almost  all  instances 
consists  of  a  random  vibration  Bpectrum  rather 
than  the  specified  discrete  sinusoidal  sweep. 

Although  the  TV  test  has  provided  a  somewhat 
adequate  validation  criterion,  it  docs  have  techni¬ 
cal  deficiencies,  and  the  test  procedure  itself  is 
time-consuming  and  costly.  In  considering  methods 
to  reduce  test  time  and  cost  without  impairing  test 
effectiveness,  a  more  realistic  simulation  method 
yvas  proposed;  it  would  implement  the  random 
vibration  aspects  of  the  real  environment,  concen¬ 
trate  the  test  spectrum  in  the  frequency  range  that 
was  deemed  to  be  moat  injurious  to  the  unit  being 
tested,  and,  most  important,  it  would  shorten  the 
test  time.  Test  criteria  were  to  he  established 
theoretically  and  verified  experimentally.  Damage 
equivalency  was  to  he  determined  by  a  comparison 
ofrthe  results  obtained  on  M732  safety  and  arming 
(S&A)  units  tested  by  the  TV  procedure  with 
results  on  similar  units  tested  by  the  proposed 


random  TV  (RTV)  test.  It  was  also  proposed  that, 
at  a  later  date,  the  procedure  would  be  refined  by 
evaluation  of  field-recorded  TV  data  and  that  test 
criteria  would  be  updated  on  both  the  RTV  spec¬ 
trum  and  the  required  test  time  duration. 

A  discussion  of  background  theory,  procedures, 
instrumentation,  test  data,  and  analysis  of  test 
results  follows. 


2.  PROGRAM  PLAN 

Although  no  investigation  was  made  for  this 
report  as  to  how  the  swept  sinusoidal  MIL-STD  test 
was  designed  or  originally  formulated,  its  con¬ 
tinued  use  suggests  that  it  has  served  its  purpose  in 
providing  reliable  ordnance  units,  despite  the 
drawbacks  previously  mentioned. 

Even  though  the  standard  test's  relevancy  to  the 
“real  world”  TV  environment  is  unknown,  the 
initial  step  in  establishing  the  validity  of  the 
proposed  RTV  teBt  method  was  the  intention  of 
showing  the  equivalence  of  the  two  test  methods  in 
terms  of  their  damage  potential  to  ordnance  ma¬ 
teriel.  The  item  selected  for  this  purpose  was  the 
S&A  unit  from  the  M732  fuze  —  u  device  designed, 
engineered,  and  brought  into  production  by 
Harry  Diumond  Laboratories  (HDL)  engineers. 

The  “equivalency”  concept  was  quite  simple; 
sample  units  were  run  UBing  the  standard  TV  test 
criteria  as  controls,  then  other  units  were  subjected 
to  random  TV  testing  for  comparison  and  evalua¬ 
tion.  A  basic  criterion  (evaluation  parameter)  was 
to  be  the  number  of  turns  required  to  arm  the  S&A 
unit,  a  standard  acceptance  measure.  This  test  was 
run  on  all  units  before  and  after  the  TV  tests. 
Additional  quantitative  data  on  “damage"  were  to 
be  obtained  by  visual  inspection  and  sophisticated 
dimensional  measurements,  as  well  as  by  chemical 
cleaning,  analysis,  and  weighing  of  post-test  par¬ 
ticulate  matter  within  the  S&A  units. 

Establishing  the  criteria  for  the  RTV  test  was 
another  phase  of  the  program  plan.  The  initial 
spectral  content  of  the  RTV  was  to  have  a  constant 
uverage  amplitude  and  cover  the  5-  to  500-Hz 


band,  the  same  range  a*  the  TV  test.  Test  duration 
per  axis  was  predicated  on  causing  the  same 
number  of  reversible  cycles  (~p)  in  the  random 
test  as  exists  in  the  standard  TV  test  specifications. 
An  equivalent  number  of  was  determined 
mathematically  and  verified  by  an  analysis  of  RTV 
tests  spectra.  The  drive  level  for  RTV  was  to  be 
determined  experimentally  by  tests  at  various  g 
amplitudes  and  by  an  analysis  of  damage  sustained 
by  the  S&A  units. 

Additional  research  investigated  the  underlying 
fundamentals  of  damage  criteria,  both  in  the  design 
of  TV  tests  and  the  very  specific,  individual 
construction  of  ordnance  materiel.  This  phase  was 
pursued  by  way  of  several  approaches.  The  basic 
method  involved  sinusoidal  vibration  of  the  S&A 
unit  and  transducer  response  measurements  of  the 
S&A  cover  plate  to  detect  vibration  modeB  and 
sub-bands  of  maximum  displacement  activity, 
This  test  also  used  an  isolated  (physically  decoupled) 
microphone  to  record  corresponding  acoustic  data. 
Finally,  these  data  records  were  computer  an¬ 
alyzed  to  yield  power  spectral  density  as  a  function 
of  input  drive  signal  frequency.  Analyses  of  these 


data  will  provide  the  ground  work  for  subsequent 
definition  of  RTV  test  procedures,  based  on  addi¬ 
tional  testing  (proposed  as  a  continued  effort). 


3.  M732  S&A  MODULE 

3.1  Selection  of  Test  Unit 

The  S&A  module  for  the  M732  fuze,  designed 
and  engineered  at  IIDL,  was  selected  as  the  test 
unit  for  evaluation  of  comparative  damage  effects 
sustained  as  s  result  of  either  the  standardized  TV 
test  or  the  proposed  RTV  test.  This  choice  was 
dictated  by  the  expertise  available  at  HDL  for 
consultation  and  analysis  of  test  data  results  and 
by  the  pertinent  feedback  loop  that  would  make 
relevant  test  data  readily  available  to  the  S&A 
designers. 

The  specification  control  drawing  for  the  S&A 
module,  part  number  (PN)  11716741  is  shown  in 
figure  1.  Figure  2  is  a  cutaway  view  of  the  M732 
fuze,  showing  the  S&A  module. 


Mtnasi  i'i 


Figure  1.  Specification  control  drawing  for  S&A  module*  PN1 1716741. 
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Figure  2.  M7S2  Fu*c  —  cutaway  view  showing  SAA  module. 
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One  hundred  of  the  S&A  modules,  PN1 1716741, 
serial  numbers  F-l  through  F-100  were  obtained 
for  this  program.  These  modules  were  standard 
lubricated  units  taken  from  production  lot 
WTX-2-2,  manufactured  by  the  General  Time  Co. 

3.2  S&A  Module  Arming  Specifications 

Upon  receipt  by  HDL,  all  modules  had  their 
detonators  removed  and  replaced  by  a  dummy 
detonator.  Units  were  then  run  on  a  spinner 
(manufactured  by  Delaware  Valley  Armament, 
Inc.),  that  complied  with  the  PN 1 1 7 1 674 1  Specifi¬ 
cation  Control  Drawings  (§CD).  The  following 
information  is  from  paragraph  number  4.5.2.1 .  (in 
part). 

“Spin  Equipment.  The  equipment  used 
for  the  arming  tests  shall  be  deoigned  to 
position  the  rotor  of  the  module  in  the  fully 
out-of-line  position  automatically  and  shall 
provide  positive  indication  when  the  rotor  is 
released.  This  position  indication  shall  serve 
as  the  starting  signal  for  determining  the 
number  of  turns-to-arm  (TTA) 

SCD  acceptance  criteria  specify  that  units  are  to 
arm  between  25  and  38  turns  as  follows,  from 
paragraph  3.3. 1.1  of  the  SCD's. 

"Arming.  With  the  setback  lock  in  the 
armed  position,  the  rotor  in  the  S&A  module 
shall  fully  arm  within  the  limits  of  25  to  38 
revolutions  of  theS&A  module  when  spun  at 
2500  rpm,...” 

TTA  was  a  critical  test  measurement  since  it  was  a 
control  reference  that  served  as  a  baseline  criteria 
for  assessing  the  effect  of  subsequent  tests  per¬ 
formed  on  sample  units. 


4.  PROPOSED  TEST  METHOD 

4. 1  Equivalency  Criteria/De  termination 

Random  and  sinusoidal  vibrations  are  funda¬ 
mentally  quite  different,  both  in  their  mathe¬ 
matical  formulation  and  in  their  engineering  impli¬ 


cations.  In  testing,  dynamic  vibratory  excitation 
can  be  imparted  to  a  test  specimen  with  either  type 
of  drive,  although  swept  frequency  sinusoidal 
testing  has  been  more  prevalent. 

Random  vibration  usually  exhibits  a  normal 
(Gaussian)  distribution  around  a  mean  value,  with 
a  specific  standard  deviation  associated  with  its 
distribution,  This  statistical  property  ensures  that 
random  vibrations  are  noudeterministic  —  namely, 
that  the  instantaneous  magnitude  of  the  vibrations 
cannot  be  determined  in  advance.  A  swept  sinu¬ 
soidal  excitation,  by  contrast,  is  deterministic, 
since  it  results  from  the  synthesis  of  single-valued 
amplitude/frequency  components  with  discrete 
frequency-time  relations  defined  by  the  prescribed 
teat  spectrum  and  sweep  rate. 

Although  mathematical  approximations  and 
models  may  be  UBed  to  relate  sinusoidal  and  RTV 
test  procedures  and  test  results,  a  realistic,  practi¬ 
cal  assessment  of  the  two  test  methods  must  be 
made  by  an  evaluation  of  wear  and  tear  on  test 
items.  That  is,  the  true  equivalence  between  the 
two  drive  methods  can  only  be  assessed  with 
respect  to  the  actual,  intrinsic  damage  potential  of 
each  method.  The  amount  of  vibratory  wear  damage 
and  the  criteria  for  establishing  a  reduced  RTV  test 
time  are  postulated  to  be  dependent  on  the  total 
number  of  accumulated  during  the  standard 
swept  sinusoidal  TV  test.  If  an  average  ~r  per  unit 
time,  of  given  magnitude,  cun  be  established  for  the 
specified  random  vibrations,  then  the  estimated 
new  test  time  would  be  equal  to  the  standard  TV 
total  number  of  ~r  divided  by  the  corresponding 
time  averaged  random  .  Fine  adjustment  to  this 
estimated  test  time  could  then  subsequently  be 
made  on  the  basis  of  actual  damage  assessment  on 
sample  test  units. 

A  description  of  the  MIL-STD  331,  Method 
119,  Procedure  11  TV  test  is  given  in  section  4.2, 
together  with  a  determination  of  the  total  number 
of  for  this  method  in  4.3.  This  is  followed  by 
experimentally  and  theoretically  determined 
values  for  ~r  in  RTV  testing  in  sections  4.5  and 
4.6,  respectively.  Results  indicate  that  the  4-hour 
TV  test  time  can  be  reduced  to  a  1.6-hour  RTV  test 
equivalent. 
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4.2  MIL-STD  331 ,  Method  119, 
Procedure  II  TV  Teat 

The  atandard  TV  teat,  according  to  MIL-STD 
331,  Method  119,  Procedure  11,  invokea  a  sinu¬ 
soidal  sweep  between  5  and  500  Hz  at  a  rate  of  1 
cycle  (5 -"500-* 5  Hz)  per  hour  (fig.  3)  over  a 
period  of  2  hours  per  axis  for  a  total  duration  of  6 
hours.  Amplitude-frequency  characteristics  are 
shown  in  figure  4.  It  should  be  noted  that  ampli¬ 
tude  criteria  are  specified  as  a  displacement  be¬ 
tween  5  and  1 1  Hz  and  37  and  52  Hz  and  as  an 
acceleration  elsewhere. 

4.3  Total  Number  of~ r  in  Standard  Test 

The  total  number  of  ~r  accumulated  per  sweep 
cycle  for  each  of  three  mutually  independent  axes 
of  the  S&A  module  is  established  as  follows  (for 
simplicity,  all  frequency  components  were  con¬ 
sidered  to  be  of  equal  magnitude,  i.e.,  5  g.). 


log  f,  =  log  A  +  mt! 

(la) 

log  f3  ”  log  A  +  mt2 

(lb) 

The  boundary  conditions  are 

f,  =  5  Hz  ,  f„  =  500  Hz 
and 

ti  ™  0  hr  ,  ta  “  0.5  hr 
Hence, 

log(f,/A)  =  mt,  =  0  , 

f,/A  =  1  , 

A  -  5  Hz  . 


Figure  3.  MIL-STD  331,  Method  1 19,  transportation  vibration  sinusoidal  sweep  cycle. 
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And 


log(fi/A)  «=  ro»i 
log(fa/A)  «=  log  ■ 


500 


mt2  =  2  ,  m 

and  m  =  4  hr'1 


=  2  , 
-  2/0.5 


Substituting  f|=  f0  and  fa  ■=  f  in  equations 
(la)  and  (lb),  then  subtracting  equation  (la)  from 
equation  (lb),  the  following  is  obtained. 


and 


log(f/f0)  -  m« 

f(t)  “  fa  10"“  Ha 


N  =//  f(t)dt 

“  t£T10"*rfi  •  (3) 

To  evaluate  this  integral,  let  y  =  10"“.  Then 
In  y  *=  mt  In  10  , 

y  =  ef"’ ln  10>‘  *=  10 mi,  and  (4) 

y  =  e“‘  , 

where  a  ■  mlnlO  . 

Substituting  for  10"**  into  the  above  integral  (eq  3) 
yields 


N  -  f, 


(2) 


Equation  (2)  establishes  the  instantaneous  value  of 
the  test  frequency  anywhere  in  the  one-half  sweep 
cycle  (0  <  t  <  30  min);  outside  this  time  band, 
mirror  images  of  this  relationship  exist  as  shown  in 
figure  3. 


fV'dt 

Jo 

k(e“«  -1) 


(5) 


Let  an  incremental  number  of  cycles  accumu¬ 
lated  during  the  sinusoidal  sweep  test  equal  dN ;  f(t) 

denotes  a  time-dependent  frequency  component  Substituting  back  for  a  in  the  exponential  term, 


and  dt  denotes  incremental  time.  Thus, 


quantity  N  is  given  by 
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N  = 


(6) 


4.4  Reversible  Cycles  in  RTV  Testing 


J° - (iom<  -  1  )  . 

In  10  v  ' 

For  MIL-STD  331,  Method  119,  Procedure  II, 
t  =  0.3  hr,  f0  “  5  Hz,  and  m  <■  4  hr1.  Substi¬ 
tuting  into  equation  (6)  for  N  yields 

N  =  5(~/s)  X  3600(s/hr) 

4(l/hr)  X  In  10 

|-104(l/hr)  (1/2  hr)  _j] 

N  =*  193,478~r /half-cycle  sweep. 

Since  the  sweep  rate  is  l  cycle/hr  and  the  total 
test  time  that  will  be  used  for  damage  assessment  is 
4  hr/axiB,*  the  total  number  of  reversible  cycles 
per  teBt  axis  (x,  y,  and  z)  is  equal  to  Njy,,, 

Nrot  ~  193,478  half.8Weep  cycle  X 

2  half-sweep  cycles  x 
hr 

4  hr 
test-axis 

Nr»f  “  1,547,830 


To  determine  the  equivalent  test  time  for  the 
proposed  RTV  test,  a  statistical  cycle-reversal 
frequency  about  a  specified  mean  or  rms  level  of 
excitation  had  to  be  established.  This  was  achieved 
in  two  independent  ways  —  through  evaluation 
of  test  data  and  by  theoretical  considerations. 

4. 5  Experimentally  Determined  ~  ft 

The  electrodynamic  shaker  was  excited  contin¬ 
uously  for  a  total  of  30  minutes  by  a  flat  random 
vibration  spectrum  (5  to  500  Hz)  of  magnitude 
0.18  g*/Hz  (9.43  g  rms).  The  shaker  excitation 
was  recorded  on  magnetic  tape  and  then  repro¬ 
duced  on  high-resolution  chart  paper  played  back 
at  80  in./s.  Time  spans  of  0. 1  s  were  selected  from 
each  one  of  the  1 -minute  vibration  data  records. 
The  selected  increments  were  then  visually 
scanned  and  the  number  of  ~r  larger  than  10 
percent  of  the  positive  and  negative  peak  tost 
amplitude  (±3  estimated  standard  deviations) 
were  counted.  (This  is  equivalent  to  counting  only 
positive  slope  signals  exceeding  the  +10  percent 
threshold  value,)  For  convenience,  the  mean  value 
of  the  signal  was  considered  as  zero  reference  and 
the  0.1 -s  increments  selected  were  chosen  to  ex¬ 
pedite  the  evaluation  process.  A  typical  record  is 
shown  in  figure  5,  Results  are  shown  in  table  1. 


Nr0<  wl.55  X  lO* 


test-axis  ‘ 


The  mean  number  of  reversals  in  0.1  s,  f  is  equal 
to 


A  computer  program  was  written  to  establish 
the  numerical  values  of  parameters  f,  N,  and  N  fat  f  _ 
as  functions  of  test  frequency  and  time.  The 
program,  a  tabular  listing  presented  in  Appendix 
A,  Bhows  the  instantaneous  numerical  value  of 
each  of  the  parameters  over  1 -minute  intervals  and 
within  the  240-minute  range  and  graphical  plotB  of 
the  sweep  function  and  N  Tot  ■ 


*Tha  man  rt/tamu  eriurtakfi*  imtapmant  I  mint  * alia  for  4  hoortof  itutn / 
per  4 xi*  (MIL-STD  331,  Method  I IV,  Procedure  Ifc  Production  let  ling  per 
Procedure  II  calls  for  2  hr  s/ axis.  N  <•  773.000  reversible  rytles/lest-axit  fur 
Procedure  If,  and  1,550,000^  fp'lett-uxit  Jvr  Procedure  I. 


i„  +  N  29 

2  f;  =  1/30  2 

i  “  i„  i  =  ' 


f,-  =  775/30 , 


f  =  25.8  reversals/0. 1  s  . 

Since  the  frequency  components  are  assumed  to  be 
randomly  distributed,  the  standard  deviation  of 
the  frequency  data  follows  the  normal  distribution 
curve;  i.e., 
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~K  hy  the  average  rate;  (frequency)  of  cycle  re¬ 
versals,  Thus, 


•l' 


h3y."itt$pir  ^ 


*Y*'“ ;Vf  ~J  •  VHUn-jfvl A»^<  Ml 


TABLE  1.  N 
VIBRATION 

j®Rd **®VERSIBLE  CYCLES  IN  0.1 -S  SPANS  FOR  A  30-MI.N  random 
9HAlL£n  TEST 

Count 

Test  time 
(min) 

f  i 

(ft 

(4-0* 

~  a  £  10%  peak  amplitude 
per  0.1-«  interval 

0 

1 

26 

0.20001 

0.0400003 

1 

2 

24 

-1.8 

3.24 

2 

3 

32 

6.2 

38.44 

3 

4 

27 

1.2 

1.44 

4 

5 

24 

-1.8 

3.24 

5 

6 

25 

-0.799999 

0.639y99 

6 

7 

24 

-1.8 

3.24 

7 

8 

25 

-0.799999 

0.639999 

8 

9 

25 

-0.799999 

0.639999 

9 

10 

24 

-1.8 

3.24 

10 

11 

27 

1.2 

1.44 

11 

12 

27 

1.2 

1.44 

12 

13 

30 

4.2 

17.64 

13 

14 

26 

0.200001 

0.0400003 

14 

15 

27 

1.2 

1.44 

15 

16 

27 

1.2 

1.44 

16 

17 

21 

-4.8 

23.04 

17 

18 

26 

0.200001 

0.0400003 

18 

19 

27 

1.2 

1.44 

19 

20 

23 

-2.8 

7.84 

20 

21 

27 

1.2 

1.44 

21 

22 

25 

-0.799999 

0.639999 

22 

23 

27 

1.2 

1.44 

23 

24 

26 

0,200001 

0.0400003 

24 

25 

31 

5.2 

27.04 

23 

26 

23 

-2.8 

7.84 

26 

27 

21 

-4.8 

23.04 

27 

28 

26 

0,200001 

0.0400003 

28 

29 

26 

0.200001 

'  0.0400003 

29 

30 

26 

0.200001 

0.0400003 

N  -  h  -  30 


24 

Xf/ 
i  -  o 


-  775 


24 

£&  -  0*  -  J72.2 
I  -  0 


*' 


■A» 

'£ 

•7 

if 

'* 

■a 


j 


i' 

i 


1 


i 

V' 

.s 

* 


W„  -  constant  level  of  autocorrelation  function, 


W(o)  “  second  derivative  of  the  autocorrelation 
function  evaluated  at  zero, 

W(0)  —  autocorrelation  function  evaluated  at  zero, 

f  *  test  frequency  -  Hz,  and 

fm  “  maximum  test  frequency  -  Hz. 

For  convenience  in  the  computations,  let 
T,  —  0,  and  let  the  power  spectral  density  of  the 
random  vibration  be  band-limited  white  noise  be¬ 
tween  5  and  500  Hz.  Evaluating  the  parameters, 

W„(o)  -  -4ir*  /“V  W„(f)df  . 

Since  W„(f)  is  a  constant  for  limited  white  band 
noise, 

t{o)  -  -  47raW0  //m  fadf  - 

-  y  nX  . 

The  correlation  function  is  related  to  the  power 
density  spectrum  by  the  Wiener-Khinchin 
theorem. 

W„(r)  -  f0  W„  (f)  cos  2nfrdf  , 

„  ,  ,,  W„  sin27rfmr 

W«(t)  -  W0  J0  m  cos  27rfrdf - u • 


Let  D[Wn(o)]  -  lim 


and  in  the  limit  as  r— o 


cos  (2rrfmr)27rfm 


Substituting  back  into  the  autocorrelation  equa¬ 
tions  in  the  main  expression, 


Kr.  - 


i  n-4*#f«  w0|T 

2n  [  3fm  W0 


0.577  f„ 


Since  fm  “  500  Hz  , 

Fl(Tl.0)  -  289  Hz  . 

Hence,  the  crossing  frequency  above  reference 
level  T,  —  0,  whether  viewed  from  either  the 
positive  or  negative  directions,  is  equal  to  288  Ilz. 
This  compares  fortuitously  well  with  the  test- 
established  results,  which  yielded  a  value  of  258 
Hz.  These  results  lend  further  credence  for  the 
proposed  test  time,  as  specified  in  section  4.1. 


5.  TEST  PROCEDURE 


The  basic  experimental  TV  environment  test 
consisted  of  running  either  the  MIL-STD  331, 
Method  1 19,  Prooedure  I,  TV  test,  or  the  RTV  test 
(at  one  of  four  g  levels).  A  breakdown  of  the  tests 
run  on  specific  modules  is  shown  in  table  2.  A  total 
of  15  units  were  exposed  to  the  TV  test  (baseline, 
sinusoidal,  groups  1  and  2);  this  consisted  of  4 
hours  of  testing  along  each  of  three  mutually 
perpendicular  axes  (a  total  of  12  hours).  A  curve  of 
amplitude  (acceleration)  versus  sinusoidal  sweep 
range  of  5  to  500  Hz  is  shown  in  figure  4;  a  plot  of 
test  frequency  versus  time  is  shown  in  figure  3. 
Four  groups  (numbers  3  through  6)  of  three  units 
each  were  subjected  to  the  RTV  (also  5  to  500  Hz) 
for  20  minuteB  along  each  of  three  mutually 
perpendicular  axes  (1  hour  total),  at  constant 
average  acceleration  levels  of  5, 10,  15,  and  20  g 


These  tests  were  run  to  evaluate  the  effect  of  the 
specific  vibratory  environments  in  terms  of  dathage 
(wear,  abrasion,  and  distortion)  of  module  parts, 
end  operational  characteristics  (TTA).  The  im¬ 
mediate  objective  was  determination  of  an  equiv¬ 
alency  between  TV  tests  and  RTV  tests;  the  g 
parameter  was  introduced  Into  the  RTV  tests  to 
produce  a  test-time  duration  factor,  on  the  assump¬ 
tion  that  the  product  of  vibratory  amplitude, 


reciprocal  test  time,  and  a  proportionality  param¬ 
eter  would  approximate  a  constant  value. 

TTA  teats  were  run  on  each  sample  subsequent 
to  vibratory  testing.  Units  were  then  disassembled 
and  observed  visually  for  obvious  signs  of  abra¬ 
sion,  scuffing,  and  distortion  of  parts  or  holes.  In 
addition,  particular  attention  was  addressed  to  the 
amount  of  lubricating  oil  that  was  present,  its 
coloration,  consistency,  and  the  apparent  presence 
and  amount  of  metal  particles.  At  best,  such 
determinations  were  qualitative  and  only  of  rela¬ 
tive  value.  However,  these  observations  led  to 
subsequent  development  of  a  chemical/mechanical 
metal  separation  process,  capable  of  providing  a 
quantitative  determination  of  the  weight  of  large 
and  fine  particles  (“fines”).  Subsequent  to  this 
analysis,  components  were  viewed  with  a  micro¬ 
scope  (50  X  and  100  X)  to  obtain  a  quantitative 
measure  of  dimensional  changes. 


5.1  Baseline  Testing  Criteria 

Any  RTV  test  method  that  would  be  acceptable 
initially  as  a  replacement  for  the  standard  TV  test 
would  have  to  demonstrate  damage  that  would  be 
similar  (equivalent)  to  results  established  during 
lease-line  (standard  testing).  Baseline  testing  was 
therefore  used  to  establish  mechanical  damage 
criteria  and  parameters  against  which  all  samples 
from  subsequent  tests  would  be  compared  for 
damage  evaluation.  Damage  criteria  were  evalu¬ 
ated  as  described  in  the  following  paragraphs. 

5.1.2  S&A  Tums-To-Arm 

The  M732  S&A  module  functional  arming  time 
(TTA)  was  to  be  determined  using  the  2500-rpm 
spinner,  test  samples  were  subjected  to  fuctional 
arming-time  tests  before  and  after  a  given  vibration 


TABLE  2.  IDENTIFICATION  OF  SAAsMODULES  IN  BASELINE  AND  RANDOM  TRANSPORTA¬ 
TION  VIBRATION  TESTS 


Group 

S&A  module  serial  no. 

Test  spectrum 

Total 
test  time 
(hr) 

1 

F-l  through  F-8 

MIL-STD-331,  Method  119,  Procedure  1 

12 

2 

F-9  through  F-l  6 

Same  as  above 

12 

3 

F-18 

Random  vibration 

F-l  9 

5  g  rms,  0.0S0S  g"  /Hi,  S  to  500  Hi, 

1 

F-20 

20  min/axis 

4 

F-21 

Random  vibration 

F-22 

10  g  rms,  0,202  k1  /Hi, 

1 

F-23 

20  min/axis 

S 

F-26 

Random  vibration 

F-27 

15  g  rms,  0.4545  g*/Hi,  5  to  500  Hi, 

1 

F-30 

20  min/axis 

6 

F-l  7 

Random  vibration 

F-28 

20  g  rms,  0.80  g1  /Hi,  5  to  500  Hi, 

1 

F-29 

20  min/axis 

test,  Any  degradation  in  arming  time,  manifested 
in  the  form  of  delayed  function,  would  be  indica¬ 
tive  of  damage  sustained  during  the  test.  This  test  is 
significant  because  it  provides  quantitative  data. 

5.1.2  Inspection  Measurements 

Post-test  disassembly  of  the  S&A  module 
allows  detailed  inspection  and  examination  of  all 
internal  components  so  as  to  determine  the  loca¬ 
tion,  type,  and  extent  of  the  wear  damage  sustained 
or  accumulated.  Damage  might  include  evidence  of 
wear  marks,  indentation  or  fretting  marks,  buildup 
of  metal  debris  and  powder,  metal  cracking,  or 
evident  or  incipient  structural  deformations.  These 
examination  techniques  were  to  be  further  sup¬ 
ported  by  an  x-ray  survey,  by  microscope  inspec¬ 
tion  and  dimensional  check,  and  by  profile  ma¬ 
chine  measurements  capable  of  measuring  holes, 
pivots,  and  gear  out-of-roundness  to  0.0000 1  -in. 
accuracy.  The  x-ray  survey  (not  performed)  was 
intended  to  assess  subsurface  damage  or  incipient 
cracking.  The  microscopic  magnification  of  the 
small  internal  components  by  a  fuctor  of  50  or  100 
facilitates  the  establishment  of  mechunical  wear 
trends  on  complex  configuration  surfaces  which 
are  in  intimate  contact  and  constantly  rub  against 
each  other;  i.e.,  pivots  and  holes,  meshing  gears 
(pinion  gear  and  rotor  assembly),  detent  rotor  and 
pivot,  support  plutes,  etc.  A  detailed  drawing 
shows  component  composition  of  the  S&A  module 
(fig.  1).  A  cutaway  drawing  (fig,  2)  shows  the 
position  of  the  S&A  module  within  the  fuze. 
Precision  dimensional  measurements  are  made  in 
the  HDL  Mechunical  Inspection  Facility.  The 
facility’s  equipment  and  capabilities  arc  described 
in  appendix  B. 

5.1.3  Chemical  A  nalysis 

To  further  quantify  the  baseline  wear  damage, 
the  total  metal  powder  debris  was  to  be  separated 
or  extracted  from  the  S&A  module  at  the  con¬ 
clusion  of  the  vibration  test.  Although  internal 
components  are  constrained  by  the  top  and  bottom 
plates  (fig.  1),  they  are  free  to  move  somewhat 
during  the  test  and  to  impact  against  each  other  and 
against  the  retaining  plates  (multiple  collisions  pur 
cycle  are  quite  likely).  The  impacts,  friction,  and 


rubbing  effects  involving  components  made  out  of 
aluminum,  zinc,  and  hardened  steel  alloys  produce 
metal  debris  that  is  picked  up  by  the  nearby 
assembly  lubricants  or  iB  trapped  by  constrictions, 
indentations,  cutouts,  etc.,  of  the  module  case. 
Although  light  in  weight,  (i.e.,  a  few  milligrams)  the 
quantification  of  metal  debris  determined  by  in¬ 
volved  chemical/mechanical  techniques  yields 
numerical  results  that  are  helpful  in  characterizing 
the  accumulated  wear  damage.  Because  of  funding 
constraints,  qualitative  analysis  to  determine  ma¬ 
terial  composition  of  the  metal  debris  was  not 
performed. 

5.2  Computer-Controlled  Shaker  System 

HDL’s  environmental  test  laboratory  features  u 
modern,  up-to-date,  computer-controlled  electro¬ 
dynamic  shaker  system  that  wus  used  for  these 
vibration  tests,  The  equipment  und  software  also 
enable  design  of  a  vuriety  of  complex,  service- 
experienced  environments  to  be  synthesized  effi¬ 
ciently  and  reliably,  The  computer  control  unit  is 
shown  in  figure  6. 

5.2.1  System  Description 

A  simplified  block  diagram  of  the  system  is  given 
in  figure  7  (p  20),  Use  of  digital  minicomputers  has 
cnubled  close  coupling  of  sophisticated  control 
drive  techniques  to  dynamic  (real-time)  testing 
response.  For  the  drives  used  in  these  tests  (swept 
sinusoidul  and  random),  control  und  monitoring  of 
the  shaker  is  relatively  straightforward,  A  more 
complole  description  of  the  HDL  system  used  for 
Transient  Waveform  Control  testing  wus  pub¬ 
lished  in  the  4th  quurter,  1978  issue  of  the  U.S, 
Army  ManTech  Journal, 

5.2.2  System  Operation 

All  test  requirements  are  programmed  on  a 
coded  test  tape.  The  tupe  is  obtained  ut  the 
completion  of  a  question  und  unswer  routine 
during  which  the  operator  is  cued  for  test  informa¬ 
tion  by  the  test  system  controller.  The  coded  tape, 
together  with  the  transducer  output  data,  provides 
u  permanent  record  of  the  prescribed  drive  signal. 
At  the  completion  of  the  test,  the  system  prints  out, 
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on  command,  complete  alphanumeric  documenta¬ 
tion  of  all  test  parameters  as  executed. 

5.3  Transducers 

Although  the  S&A  module  is  vibrated  over  the 
5-  to  500-Hz  range  when  subjected  to  tht  MIL- 
STD  test,  most  of  'he  wear  damage  probably 
occurs  within  narrow  frequency  sub-bands  where 
the  most  severe  component-to-case  and  component- 
to-component  collisions  and  fretting  occur.  The 
parts  that  make  up  the  S&A  module  itself  could  not 
be  instrumented  directly  because  of  limited  space 
und  small  component  size.  Thus,  external  scqgprs 
(macroscopic  phenomena  detectors)  were  used. 


These  included  an  accelerometer  and  strain  gage 
installed  on  the  top  (forward-facing)  mounting 
plate  of  the  S&A  module  and  an  acouBtic  trans¬ 
ducer  located  at  the  inlet  to  the  mounting  sleeve, 
which  simulated  fuze  housing  and  installation 
conditions.  The  sensors  and  their  mounting 
method  were  selected  so  as  to  have  a  negligible 
effect  on  the  dynamic  response  of  the  parameter 
being  measured. 

The  purpose  of  this  test  was  to  measure  the 
magnitude  of  vibration  frequency  activity  as  a 
function  of  the  input  test  frequency  and  to  establish 
from  these  data  the  frequency  Bub-bands  for  which 
Vibftttloiri  activity  was  dominant.  Three  types  of 


Figure  6.  HDL  Computer  Control  for  Vibratlon/Sboek  Test  .System.  (1)  Digital  minicomputer 
controller,  (2)  Minicomputer  to  generate  vibration/shock  transients,  (3)  X-Y  plotter 
(amplifier  versus  frequency),  (4)  Display  scope,  (5)  Precision  gain  amplifiers,  (6)  Paper- tape 
reader,  (7)  Teletypewriter  Terminal,  and  (8)  Paper-tape  reader/punch. 
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sensors  (acceleration,  strain,  acoustical)  were  used 
to  provide  separate  and  independent  observations 
of  test  parameters;  the  multiple  sensors  also  pro¬ 
vided  backup  measurements  in  the  event  of  loss  or 
insensitivity  of  any  one  sensor’s  test  data, 

Test  Sensors  —  Description  and  Use 

A  triaxial  accelerometer,  strain  gages,  and  a 
unidirectional  microphone  were  used  to  collect 


data  for  the  tests  described  above.  The  position, 
orientation,  and  identification  of  each  sensor  dur¬ 
ing  the  test  are  presented.  Also  included  as 
appendix  C  —  are  the  specifications  for  the  ac¬ 
celerometer  and  for  the  strain  gage. 

Triaxial  Micro-Miniature  Accelerometer.  — 
The  sensor  equipment  industry  was  surveyed 
extensively  to  find  a  suitable  miniature  triaxial 
sensor  for  the  specified  applications.  The  device 
selected  (Endevco  Model  23)  (uppendix  G-l)  was 
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used  as  the  primary  indicator  of  vibration  activity, 
providing  simultaneous  three-dimensional  data  as 
a  function  of  the  applied  unidirectional  input 
frequency/amplitude  spectrum.  The  sensor's  high- 
frequency  sensitivity  (frequency  response,  10,000 
Hz)  enabled  collection  of  reliable  high-frequency 
vibration  data,  indicative  of  the  high  rate  of  com¬ 
ponent  impacts.  The  transducer's  low  weight 
(140  mg)  made  it  ideal  for  this  application,  where  it 
is  necessary  to  have  minimum  loading  on  the 
specimen  being  monitored.  The  sensor  was  initial¬ 
ly  mounted  with  special  epoxy  on  the  top  cover 
plate  of  the  first  S& A  module.  After  three  tests  were 
completed  in  run  one,  the  accelerometer  was  re¬ 
moved  from  unit  F-25,  displaced  90  deg,  and  then 
epoxied  back  onto  the  cover  plate.  No  tests  were 
made  on  unit  number  F-24,  The  mounting  position 
of  the  transducer  is  shown  in  figures  8  through  10. 
Figure  1 1  is  a  block  circuit  diagram  indicating 
equipment  setup  and  use, 

Strain  Gages  (Entran  Devices  Model  ESU • 
205-500),  —  Each  of  the  two  S&A  modules  were 
permanently  instrumented  with  temperature- 
compensating  (Bolid-stute)  strain-gage  devices  of 
the  bridge  type.  The  strain  gages  were  placed  in  the 
radial  and  tangential  directions  with  respect  to  the 
center  of  the  S&A  top  cover  plate  (fig.  8  to  1 1).  (No 
axial  strain  monitoring  was  possible,)  The  strain 
gages  were  used  to  (1)  confirm  and  correlate 
vibration  activity  independent  of  the  acceleration 
transducer,  (2)  demonstrate  that  the  dynamic 
behavior  of  the  S&A’s  top  cover  plate  had  not  been 
altered  substantially  as  a  result  of  the  installation  of 


the  micro-miniature  transducer,  and  (3)  serve  as  a 
backup  sensor  for  the  primary  measurement 
(acceleration  transducer).  A  major  advantage  of 
these  extremely  low  weight  solid-state  strain  gages 
is  their  negligible  contribution  to  the  observed 
values  of  the  dynamic  data.  The  block  diagram  (fig. 
12)  shows  the  strain  gage  circuit  and  its  associated 
equipment. 

High-Accuracy  Unidirectional  Microphone 
(Gen  Rad  Model  1560-P42),  —  This  acoustical 
sensor  was  selected  as  another  backup  and  valida¬ 
tion  measurement  for  the  previously  described 
sensors.  One  major  difference  in  its  application 
from  the  others  is  that  it  involved  no  physical 
contact  with  the  teat  specimen,  thereby  providing 
absolute  dynamic  isolation.  It  was  installed  in  a 
fuse  sleeve  1/4-in.  above  the  top  cover  plate  of  the 
S&A  module  (fig.  13(a)).  Precautions  were  taken 
and  measurements  were  made  to  ensure  that  its 
mounting  within  the  open-ended  port  of  the  sleeve 
produced  no  significant  standing  waves,  Effective 
use  of  this  sensor  required  suppression  of  back¬ 
ground  noise  (by  at  least  20  dB).  This  attenuation 
was  possible  with  HDL’s  small  (50  Ibf)  calibration 
shaker,  but  the  condition  was  not  met  when  the 
heavy-duty  shakers  were  used  during  the  baseline 
test  on  the  instrumented  modules.  For  the  lutter 
case,  the  background  noise  severely  masked  the 
acoustic  test  data,  and  those  measurements  could 
not  be  used.  Figure  13(b)  shows  the  S&A  com¬ 
partment  filled  with  duxseal,  an  acoustically  inert 
material  that  was  used  to  determine  a  reference 
noise  level  for  the  system. 


Figure  8.  M732  fuse  housing.  SAA  modules  with  tri-axlal  accelerometer  and  strain  gage  affixed. 
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(b)  Mounting  positions  of  S&A  modulo  for  run  numbor  1. 
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(o)  Mounting  positions  of  8fr  A  module  for  run  number  2. 

Figure  9.  Mounting  position*  of  accelerometer  and  atraln  gage  on  top  plate  of  SAA  module*!  also, 
mounting  position*  of  3AA  module  on  shaker  teal  fixture  for  transportation  vibration  teat 


5.4  Sinusoidal  (Baseline)  Measurements 
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Sinusoidal  vibration  measurements  were  made  on 
one  fully  instrumented  S&A  module  (S/N  F-24), 
to  establish  the  frequency  sub-bands  within  the 
5-  to  500-Hz  runge  for  which  the  vibration  activity 
is  dominant.  Each  sensor  —  including  its  teat 
channel  and  the  analog/FM  tape  and  chdrt- 
recorder  system  —  was  calibrated  before  and 
after  each  test, 

5.4.1  Data  Records 

This  section  describes  the  tests,  measurement 
procedures,  data  tape  identification,  and  equip¬ 
ment  sensitivity  for  a  transportation  vibration  test 
sequence. 


Figure  11.  S&A  device  test;  tri-axial  accelero¬ 
meter  circuit 


Figure  12,  S&A  device  test;  strain  gage  circuit. 

Test  Description.  —  A  typical  vibration  test 
cycle  consists  of  the  following  sinusoidal  (input) 
sweep  envelope  (fig.  4). 

Amplitude  Frequency 


0.4  in.,  p-p  5  to  1 1 

2.5  g,  O-p  11  to  37 

0.036  in.,  p-p  37  to  52 

5.0  g,  O-p  52  to  500 


The  standard  TV  test  cycle  takes  1  hour;  for  this 
baseline  test,  a  test  consisted  of  one  half-cycle, 
having  a  30-minute  duration,  Each  unit  was  run 
three  times  with  the  fuze  (S&A)  orientation  aligned 
once  in  each  of  three  mutually  perpendicular 
directions  (fig.  9),  for  a  total  run  time  of  90 


minutes.  The  transducer  position  was  then  re¬ 
located  by  shifting  90  deg  and  repeating  a  second 
run  of  90  minutes  as  before. 

Measurement  Description.  —  Six  measure¬ 
ments  plus  one  IKIG-B  time  code  were  recorded 
for  each  test.  Total  recordu  required  three  data 
tapes  with  two  testB  recorded  on  each  tape.  Tape 
channel  identification  is  as  follows  in  table  3. 


TABLE  3.  TAPE  CHANNEL  IDENTIFICATION 


Measurement 

Channel  Number 

j 

X  6 

Triuxial 

1  y  5 

accelerometer  j 

Z  4 

Strain  gage 

1  7 

Control  uccelerometer 

(input) 

3 

Control  frequency  (input)  2 

IR1G-B 

1 

Voice  edge  track 

8  (1  pulse/s) 

Data  Tape  Identification.  —  Three  1  -in./FM 
analog  data  tapes  were  recorded  at  a  speed  of  7.5 
in./s.  Each  channel  was  calibrated  at  the  beginning 
of  each  tape;  in  some  cases,  pre-  or  post-test 
calibration  was  also  performed.  Tape  1  contains 
data  for  transducer  position  1,  runs  1  and  2;  tape  2 
contains  data  for  position  1,  run  3,  and  transducer 
position  2,  run  1;  tape  3  contains  data  for  position 
2,  runs  2  and  3. 

Equipment  Sensitivity,  —  The  equipment 
sensitivity  is  noted  as  follows. 

X  axis 
Y  axis 
Z  axis 
SG 

Control  acceleration 
Control  frequency 

5.4.2  Data  Reduction 

Data  reduction  involved  spectral  analysis  of 
four  measurements  (X,  Y,  Z,  &  SG,  table  3)  for 
each  of  the  six  tests  (fig.  9)  as  follows. 

(a)  An  amplitude  plot  (voltage  or  strain  for  SG; 
g  for  acceleration)  vers"  frequency  in  the  5-  to 
500- Hz  range  to  ascei  V  regions  where  the 


13.3  mV/g pk 
13.7  mV/gp* 

14.6  mV/gp* 
1.9757  mV/jUstrain 
10.0  m V/fyk 
2  mV/Hz 
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response  amplitude  and  mechanical  collisions  are 
most  intense. 


AT  =  data  time  increment, 


(b)  Spectral  analysis  for  the  axial  (input)  direc¬ 
tion  to  include  relative  response  amplitude  and 
relative  frequency  plots  versus  input  frequency; 
this  is  accomplished  by  extracting  the  content  of 
the  input  control  acceleration  and  frequency  signal 
from  the  axial  response  measurement  and  plotting 
the  results  against  input  frequency. 

(c)  Power  spectral  density  (PSD)  analysis 
yielding  g*/Hz  versus  input  frequency  (in  Hz)  for 
all  response  and  control  measurements  (excluding 
input  frequency)  for  all  tests. 

This  analysis  was  performed  with  commercially 
available  special-purpose  computer  codes. 

5.5  Spectral  Analysis 

5.5.1  Description  and  Method  of  Analyses 

Spectral  analysis  of  time-domain  test  data 
(described  in  sect.  5.4)  consists  of  data  transfor¬ 
mation  from  the  time  domain  to  the  frequency 
domain  to  yield  response  amplitude  versus  excita¬ 
tion  frequency  information.  This  is  normally 
accomplished  by  special-purpose  computer  codes 
programmed  to  handle  digitized  data  blocks 
(frames)  of  finite  length  (typically  1024  words/block), 
the  sum  of  which  represents  the  complete  analog 
record  (test  datu)  under  evaluation.  Spectral 
analysis  thuB  provides  a  si  lplified  means  of 
evaluating  the  composition  of  complex/random 
test'data  by  transformation  into  a  meaningful  x-y 
icpresentation  of  magnitude  versus  frequency, 
Spectral  analysis  was  applied  to  this  task  to 
identify  the  frequency  sub-bands,  or  spectral 
imige,  for  which  mechanical  wear  damage,  as 
reflected  by  large  response  amplitudes,  was  most 
pronounced.  Two  types  of  spectral  analysis  were 
used:  a  PSD  analysis  and  a  response  amplitude 
analysis.  The  PSD  was  computed  as  follows. 


F  =  excitation  frequency, 

Af  ~  data  resolution  bandwidth  with 
Af  =  8  Hz, 

f  =  response  frequency, 

FFT  =  Fast  Fourier  transform  algorithm, 
and 

X  =  Fourier  representation  of  x. 

The  response  amplitude  g(Fj )  was  computed 
from  the  accelerometer  and  strain-gage  PSD 
records  (F; ,  AT; )  as  follows,  where  AT,'  is  a  2-s 
increment  within  the  total  30-min  data  record,  F,  is 
the  corresponding  drive  frequency  at  the  start  of 
the  increment,  and  AF  =  495  Hz. 

g(Fi)  =  [AF  •  PSD(F,.  ,AT,)]  rms  . 

Equivalently,  g(F^),  the  amplitude  at  the  F*  drive 
frequency,  is  equal  to  the  square  root  of  the  area 
under  the  PSD  curve  for  that  particular  time 
increment. 

5.5.2  Analysis  Parameters  and  Procedures 

The  spectral  unalysis  parameters  and  pro¬ 
cedures  are  described  as  follows. 

(a)  Sampling  frequency:  8  kHz  with  anti¬ 
aliasing  filters  set  at  1  kHz. 

(b)  Analysis  bandwidth:  5  to  500  Hz,  occa¬ 
sionally  expanded  to  1  kHz. 

(c)  Data  frumes  (blocks):  2  s  long;  1024  points, 
taken  over  the  entire  length  of  the  data  record  (900 
frames  total). 

N 


PSD[X(f)]  - 


(FFT[x(AT,F)])2 


(«a  /Hz)  , 


(d)  Average  PSD(x)  = 


N  =  900 


I  PSD(x, 
N 


x(AT,F)  =  1024  point  data  block 


(c)  Engineering  units:  PSD  -  ga/Hz. 
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(f)  PSD  display:  g  “/Hz  versus  frequency  (Hz). 

(g)  Response  amplitude:  The  rms  value  of  the 
accelerometer  or  strain-gage  measurements  as  func¬ 
tions  cf  the  sweep  frequency  is  obtained  from  the 
previously  derived  PSD.  Each  of  the  900  records  is 
stored  in  a  separate  data  Hie;  this  bank  is  used  to 
construct  the  amplitude  versus  frequency  curve. 
The  drive  frequency  was  monitored  by  a  channel 
calibrated  against  a  proportional  dc  reference 
voltage.  The  PSD  of  each  transducer  channel 
output  was  computed  for  each  2-s  interval  over  the 
5-  to  SOO-Hz  range  and  converted  to  g  rms  at  the 
specific  frequency  corresponding  to  the  instan¬ 
taneous  test  time.  The  derived  response  amplitude 
thus  represents  a  composite  value  of  all  PSD  data 
records  at  the  specific  excitation  frequency. 

(h)  Engineering  units:  All  response  amplitude 
versus  frequency  plots  are  presented  in  units  of 
acceleration  versus  frequency  for  the  accelerometer 
measurements  (x,y,z,  and  control  input*)',  the 
response  amplitude  for  the  strain-gage  measure¬ 
ment  is  presented  in  terms  of  rms  strain  voltage 
versus  frequency. 

6.  TEST  RESULTS 

6.1  Transportation  Vibration  Test  Log 

S&A  modules,  serial  numbers  F-l  through  F- 
23  and  F-26  through  F-29,  were  subjected  to  either 
the  standard  TV  test  or  to  random  vibration 
testing.  This  exposure  history  is  presented  in 
table  4. 

Groups  1  and  2  (units  F-l  through  F-8  and  F-9 
through  F  16,  respectively)  were  used  as  baseline 
controls.  Group  3  was  used  in  the  first  RTV  test  to 
ascertain  preliminary  damage  equivalency  and  to 
effect  fine  modifications  (adjustments)  to  the  test 
procedure.  Group  3  was  run  at  3  g,  group  4  at  10  g, 
group  5  at  15  g,  and  group  6  at  20  g.  The  various  g 
levels  were  employed  to  determine  the  correlation 
of  g  level  and  wear  damage.  The  information  was 
also  to  be  used  to  ascertain  or  trade  off  teBt 


*'lhe  control  input  channel  data  were  mil  printed  wtif  for  lAfi  analysis. 


amplitude  and  test  duration,  since  an  increase  in 
amplitude  intensity  can  be  offset  by  a  decrease  in 
test  time  (though  not  linearly)  for  similar  damage 
levels. 

6.2  Visual  Examination  of  Vibration- 
Tested  S&A  Modules 

Post-test  examination  and  reports  on  the  base¬ 
line  and  random-vibration  tested  S&A  modules 
were  made  and  prepared  by  HDL  engineers  associ¬ 
ated  with  the  development  and  production  of  this 
fuze  component.  The  test  data  on  TTA  are  given  in 
table  4.  The  following  paragraphs  are  from  the 
engineers’  observations  and  analysis. 

6.2.1  Test  Group  1  (Baseline  TV  Test) 

The  following  paragraphs  describe  the  TTA  test 
methods  and  the  damage  found  when  the  units 
were  inspected  after  testing. 

TTA  Tests,  —  S&A  modules  (PN1 1716741) 
of  serial  numbers  F-l  through  F-8  were  tested 
initially  for  TTA  and  (except  for  F-4)  were  sub¬ 
jected  to  a  MIL-STD-331  TV  test,  Method  119, 
Procedure  I  (4  hr  per  axiB  at  ambient  temperature). 
They  were  then  retested  for  TTA  with  the  results 
shown  in  table  4.  One  of  the  units  (F-6)  was  the 
slowest  of  the  seven  to  arm  initially  and  barely  ran 
after  the  vibration  test.  No  numerical  value  for 
TTA  was  obtained  for  this  unit  on  the  rerun.  If  only 
the  six  units  which  ran  both  times  are  considered, 
the  average  TTA  increased  from  28.8  to  29.9,  with 
only  one  of  the  six  units  running  faster  (0.5  turn) 
after  vibration. 


Visual  Examination.  —  After  the  TTA  was 
determined,  the  units  were  disassembled  and  ex¬ 
amined  under  a  microscope  for  visually  observable 
damage.  The  units  that  ran  slower  after  vibration 
displayed  a  more  noticeable  buildup  of  fretting 
corrosion  products  around  the  pivot  journals.  It 
consisted  of  a  black-colored  deposit,  embedded 
with  aluminum  particles.  The  deposit  looked 
“thick,”  "dry,”  and  “crusty,"  and  some  of  it  had 
broken  up  and  scattered  throughout  the  unit.  On 
units  F-l,  -2,  and  -6,  the  deposit  at  the  lower  rotor 
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TABLE  4.  SPIN  TESTS  -  M732  S4A  MODULE  (GENERAL  TIME,  INC./LOT  WTX-2-2) 
PN1 1716741 


Unit 

No. 

Croup 

TTA-B 

(before) 

TTA-A 

(after) 

Change 

Remarka 

Baseline  Sinusoidal  tut 

F-l 

1 

28.9 

29.2 

+0.3 

Croup  1  teited  April  1976. 

F-2 

1 

29.0 

29.8 

+0.8 

F-3 

1 

29.5 

29.0 

-0.5 

. 

F-4 

1 

30, 1* 

_ 

_ 

Not  vibrated. 

F-5 

1 

29.B 

30.6 

+0.8 

F-6 

1 

31.4*hlgh 

<b) 

(b) 

F-7 

1 

26.4  (low) 

28.2 

+  1.8 

F-8 

1 

29.5 

32.8 

+3.3 

Average 

— 

28.8 

29.9 

+1.1 

F-9 

2 

27.2 

— 

Group  2  teated  June  1976. 

F-10 

2 

30.8  (high) 

— 

— 

Remarka:  TTA-A  for  unita  of 

F-ll 

2 

27.8 

>300 

— 

thia  group  having  dash,  teated 

F-12 

2 

29.2 

— 

between  50  and  150  turns. 

F-13 

2 

26.3 

F-14 

2 

26.1  (low) 

30-25 

— 

F-15 

2 

27.6 

— 

— 

F-16 

2 

28.8 

— 

_ 

Average 

- 

28.0 

— 

— 

Random  TV  teat  (5  g  rms) 

F-18 

3 

28.0 

28.5 

+0.5 

Croup  3  teated  October  1976. 

F-19 

3 

26.3 

29.2 

+2,9 

F-20 

3 

29.1 

29.8 

+0,7 

Average 

— 

27.8 

29.2 

+  1.4 

Random  TV  teat  (10  g  rma) 

F-21 

4 

26.3 

26.6 

+0.3 

Croup  4  teated  October  1976. 

F-22 

4 

26.5 

27i9 

+  1.4 

F-23 

4 

30.1“ 

(b) 

Average 

— 

26.4 

27.3 

+0.8 

F-24 

— 

26,5 

— 

— 

Used  for  analysis  of  maximum 

F-25 

— 

28.7 

— 

— 

damage  aub-banda  within 

standard  TV  teat. 

Random  TV  teat  (15  g  rma) 

F-26 

5 

26.3 

34.4 

+8,1 

Croup  5  teated  October  1976. 

F-27 

5 

28.1 

30.2 

+2.1 

F-30 

5 

30.1 

32.2 

+2.1 

Average 

— 

28.2 

32,3 

+4,1 

Random  TV  teat  (20  g  rma) 

F-28 

6 

32,0 

(b) 

— 

Group  6  teated  October  1976. 

F-29 

6 

29,5 

32.2 

+2.7 

F-l  7 

6 

27.5 

34.4 

+6.9 

Average 

— 

28.5 

33.3 

+4.8 

*S«  In  «i«w 
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pivot  was  “oily,”  whereas  it  appeared  almost  dry 
on  the  other  four  units.  Unit  F-l  was  especially 
oily. 

Considerable  indentation  was  evident  in  the  top 
and  bottom  plates,  attributed  to  impact  of  the  pivot 
shoulders  on  all  four  “dry  unit”  mobile  assemblies. 
There  was  also  noticeable  scarring  of  the  underside 
of  the  top  plate  caused  by  the  spin  locks,  rotor 
detent,  and  detonator.  Observation  of  the  vibration 
damage  was  classified  qualitatively  as  “heavy.” 
The  most  wear  occurred  around  the  rotor  pivots 
and  in  the  area  where  the  detonator  hits  the  top 
plate.  All  pivots  of  the  mobile  assemblies  exhibited 
increased  clearance  due  to  vibration  wear.  In 
addition,  nothing  was  seen  that  would  explain  the 
failure  of  unit  F-6  to  arm  within  specification. 

The  units  were  reassembled  and  placed  in 
individual  plastic  bags.  The  top  plates  were 
“snapped”  back  onto  the  studs,  but  they  could 
easily  be  pried  off. 

6.2.2  Test  Group  2 

The  following  paragraphs  describe  the  TTA  test 
methods  and  the  damage  found  when  the  units 
were  inspected  after  testing. 

TTA  Tests.  —  S&A  modules  of  aerial  num- 
bers  F-8  through  F- 16  were  tested  initially  for  TTA 
and  were  then  subjected  to  the  TV  test.  They  were 
then  retested  for  TTA,  with  results  as  follows.  None 
of  the  units  ran  within  specification  (25  to  38  turns) 
after  the  vibration  test.  All  the  units  armed  even* 
tually,  but  the  TTA  was  not  obtained  since  the 
spinner  stop  signal  did  not  stop  the  counter.  A 
rerun  of  the  units  for  numerical  values  showed  that 
units  armed  in  the  region  of  50  to  150  turns,  except 
for  unit  F-l  1 ,  which  took  more  than  300  turns  and 
unit  F-l 4,  which  took  between  30  and  35  turns. 
Unit  F-l  4  had  been  the  fastest  of  the  group  of  eight 
units  before  vibration,  with  a  TTA  value  of  26.1. 
Post-test  results  as  indicated  by  TTA  differed 
drastically  from  those  obtained  for  the  first  group 
of  seven  vibrated  units,  in  which  six  of  the  seven 
units  armed  within  specifications  after  vibration 
testing,  slowing  down  by  an  average  of  only  1 . 1 
turn.  This  was  exceptionally  perplexing  since  all 
units  came  from  the  same  lot,  and  the  TV  test 
procedure  was  exactly  the  same  as  that  performed 


on  the  Group  1  units.  This  problem  is  discussed  in 
more  detail  in  section  7.2.1. 

Visual  Inspection.  —  After  the  TTA  tests,  the 
units  were  disassembled  and  examined  for  vibra¬ 
tion  damage  under  a  microscope.  These  units  also 
showed  a  severe  buildup  of  the  black-colored 
fretting  corrosion  deposits  embedded  with  alumi¬ 
num  particles.  These  deposits  appeared  noticeably 
heavier  than  those  observed  in  units  of  the  first 
group.  The  deposits  looked  very  dry  —  drier  than 
Test  Group  1.  In  addition,  most  of  the  deposits 
appeared  to  have  broken  away  from  the  contact 
interfaces,  and  they  had  scattered  throughout  the 
units.  Only  unit  F-10  gave  the  slightest  visual 
appearance  of  oil  in  some  of  its  deposits;  moreover, 
there  seemed  to  be  more  deposits  on  this  unit  than 
on  the  others.  In  general,  the  pivot  shoulder, 
journal  damage  to  the  plates,  and  wear  of  the  gear 
meshes  looked  about  the  same  on  these  units  as 
they  did  on  units  of  the  first  group.  However, 
deformation  of  the  spin  locks  and  the  rotor  detent, 
scuffing  of  the  rotor  by  the  shutter,  and  scuffing  of 
the  underside  of  the  top  plate  by  the  detonator, 
appeared  to  be  more  severe  than  that  observed  on 
the  units  of  Test  Group  1. 

Nothing  specific  was  observed  that  would  cause 
unit  F-14  to  run  appreciably  faster  than  unit  F-l  1. 
However,  the  longer  arming  time  for  units  of  Test 
Group  2  could  be  attributed  to  the  general  lack  of 
visible  oil  lubricant  and  the  larger  amount  of 
fretting  corrosion  products. 

Mechanical  Inspection.  —  The  visual  obser¬ 
vations  that  were  made  on  damage  to  post-test 
parts  indicated  those  component  locations  and 
dimensions  (bearing  surfaces,  holes,  etc.)  that 
should  be  measured  physically  to  obtain  quanti¬ 
tative  data.  In  the  final  analysis,  a  decision  as  to 
"equivalency”  in  test  methods  will  be  heat  satisfied 
by  precise  dimensional  comparative  measurements. 

It  was  assumed  at  first  that  the  dimensions,  us 
specified  by  the  SCD,  would  be  used  as  the  basis 
for  later  reference.  In  large  part,  this  was  a  forced 
approach,  since  it  was  difficult  to  specify  exactly 
what  would  wear  (thus,  what  should  be  meusured). 
In  addition,  routine  scheduling  of  tests  would  also 
have  delayed  start  of  the  vibration  teats.  However, 
it  had  been  learned  from  many  years  of  experience, 
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that  part  dimensions  can  exceed  SCD  tolerances 
and  thus  cannot  be  relied  upon  without  verifi¬ 
cation,  especially  not  for  the  types  of  data  sought 
by  this  project. 

Nevertheless,  measurements  were  made  after 
the  vibration  tests  on  several  parts  to  evaluate 
results  and  to  familiarize  the  HDL  inspectors  with 
the  types  of  measurements  that  would  be  required. 
Several  parts  were  viewed  optically  at  magnifica¬ 


tions  of  30-,  5Q-,  and  100  X,  No  surface  defects 
were  noted  other  than  wear.  The  profilometer  (for 
specifications  see  appendix  B)  was  used  to  obtain 
data  on  a  plate  cover  hole,  a  housing  hole,  housing 
pin,  and  rotor  pin  (both  gear  side  and  far  gear  side). 
Charts  of  the  plate  cover  hole  and  housing  pin 
runout  are  Bhown  as  figures  14  and  15.  For  the  unit 
tested,  data  were  within  SCD  tolerances. 
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Figure  IS.  Profilomeler  runoul  churl — homing  pin. 


6.2.3  Test  Group  3  (HTV  Test) 

The  following  paragraphs  describe  the  RTV 
Test  Methods  and  the  damage  found  when  the 
units  were  inspected  after  testing. 

Teat  Description.  —  Twelve  S&A  modules 
were  subjected  to  the  RTV  test  (20  min  per  axis); 
they  were  tested  for  TTA  both  before  and  after  the 
vibration  test,  with  results  us  shown  in  table  4. 
Column  TTA-B  indicates  operational  results  on 


units  before  the  random  vibration  tests;  column 
TTA-A,  after  the  tests.  Note  that  the  increased 
levels  of  vibration  tended  to  result  in  increased 
TTA  (except  for  Test  Group  4,  not  discussed,  but 
listed  in  table  4).  Note  also  thut  for  some  g  levels, 
damage  comparable  to  that  incurred  in  12  hours  of 
standard  TV  testing  was  made  to  occur  in  just  1 
hour  of  RTV  testing. 

Visual  Inspection.  —  After  post-test  TTA 
measurement,  units  were  disassembled  and  ex¬ 
amined  with  a  microscope  for  vibration  damage. 


. 
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There  was  little  damage  on  units  vibrated  at  5  g  and  on  this  group  of  1 2  units  appeared  to  be  much 

only  a  small  amount  of  fretting  corrosion  products,  less  than  on  the  7  units  of  Test  Group  2.  The 

Damage  occurred  only  at  the  pivots  and  at  the  most  seriously  damaged  unit  of  these  groups  may 

junction  where  the  detonator  meets  the  top  plate,  be  comparable  in  extent  to  that  of  the  seven  units 

There  was  more  extensive  damage  to  the  units  tested  in  Group  1,  but  this  is  a  qualitative  estimate 

vibrated  ut  10  g.  The  spin  locks  and  rotor  detent  at  best.  Most  of  the  observations  for  Group  1  made 

had  started  to  abrade  the  top  plate.  There  were  also  in  paragraphs  two  and  three  referring  to  the 

thicker  black  fretting  deposits  and  considerably  baseline  units  also  apply  to  observations  in  units 

more  observable  aluminum  particles.  Units  vi-  run  in  thiB  series  uf  tests.  Results  indicate  that  a 

bruted  at  15  g  exhibited  only  slightly  more  damage  longer  test  time  would  be  necessary  at  the  10-g 

and  fretting  than  did  the  10-g  units.  Abrasion  was  level  (to  match  sinusoidal  TV  damage)  ora  shorter 

also  noticed  in  this  group  on  the  bottom  plate  test  time  would  be  required  at  the  15-g  level  (to 

contact  area  where  the  large  pivot  shoulders  bear,  reduce  TTA  to  the  sinusoidal  TV  test  results). 

All  units  in  this  group  had  evidence  of  ample  oil 

lubrication  and  it  is  believed  that  this  oil  could  6.3  Acoustical  Test  Data 
have  conferred  some  resistance  to  fretting  corro¬ 
sion.  The  group  vibrated  at  20  g  had  only  slightly  Figures  16  through  18  are  copies  of  test  data 
more  wear  damage  and  fretting  products  than  did  records  obtained  with  the  acoustic  sensor  during 

units  of  the  15-g  group.  There  was  evidence  of  the  standard  prescribed  sinusoidal  sweep  test 

ample  oil  in  this  group  also.  The  increase  in  covering  5  to  500  Hz.  The  physical  test  setup  is 

damage  between  the  10- and  20-g  group  was  about  shown  in  Figure  13.  When  the  S&A  was  in  the 

as  much  as  the  increase  seen  between  the  5-  and  sleeve  (fig.  13(a)),  high-level  vibration  activity  was 

10-g  group,  so  that  the  amount  of  damage  versus  g  observed  in  the  150-  to  250-Hz  range  (phone 

appeared  to  be  leveling  off.  The  damage  observed  channel,  chart  record,  fig.  14),  When  the  S&A 


Figure  16.  Microphone  chart  record-calibration  and  response  to  MILrSTD  331,  Method  1 19  lest 
with  S&A  in  place. 


module  was  removed  from  the  test  sleeve  and  compound  (right  side),  The  duxseul  unit  provides 

replaced  by  duxseal  (fig,  13(b)),  the  same  phone  bulk  equivalency  and  serves  as  a  reference  back- 

channel  indicated  very  low  response  in  this  same  ground  noise  level  for  the  system.  Considerable 
range  as  can  be  seen  in  figure  15,  The  high  activity  is  observed  when  the  S&A  is  in  the  sleeve; 
response  activity  region  is  marked  by  high-  the  response  function  is  altered  considerably  as  a 
frequency  components;  this  can  be  interpreted  result  of  the  superposition  of  high-frequency  com- 

physically  as  being  due  to  the  increased  level  of  ponents  generated  by  multiple  collisions,  or  re¬ 
component  collisions  (‘'bounce").  The  existence  of  bounds,  of  components  against  the  top  and  bottom 

multiple  impacts  for  particular  frequency  sub-  cover  plates  of  the  S&A  module  or  between  the 

band  drives  is  more  apparent  when  selected  os-  components  and  subassemblies  themselves,  These 
cilloscope  records  of  the  microphone  channel  are  results  were  expected.  Although  the  preceding 
viewed  at  61, 108,  and  225  H*.  The  oscillograms  of  records  were  obtained  for  vibration  along  the  axial 
figures  18a,  b,  and  e  display  results  at  5-g  drives  direction,  datu  for  vibratory  drive  in  the  radial 

for  each  of  the  above  three  frequencies,  Records  directions  (test  positions  2  and  3  of  fig.  9)  would 

are  for  the  S&A  in  place  (left  side)  and  again  with  exhibit  similar  trends,  with  the  exception  that  the 

the  S&A  removed  and  replaced  by  a  duxseal  most  damaging  vibration  frequencies  might  shift  to 


Figure  17.  Microphone  chart  record— response  to  MIL-STl)  331,  Method  1 19  test  with  duxseal 
replacement  for  S&A. 
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other  bands  within  the  5-  to  500-Hz  range  in 
response  to  the  different  component  orientation 
and  associated  stiffness. 

6.4  Chemical/Mechanical  S&A  Module 
Metal  Debris  Collection 

Chemical/mechanical  separation  techniques 
were  developed  and  used  in  an  attempt  to  quantify 
the  wear  damage  resulting  from  baseline  and 
random  vibration  testing.  Informative  memoranda 
regarding  this  task  are  given  in  appendix  D,  They 
will  be  referred  to  in  the  discussion,  section  7.2.2 
and  7.3. 

It  was  initially  thought  that  metal  debris  gen¬ 
erated  as  a  result  of  component  intercollisions  and 


fretting  actions  could  serve  as  a  precise  numerical 
index  for  the  characterization  of  total  wear. 

The  debris  collection  operations  turned  out  to 
be  very  tedious,  exacting,  trial-and-error  pro¬ 
cedures  that  saw  marked  improvement  as  the 
process  developed.  This  was  understandable, 
since  operations  of  this  type  had  not  been 
attempted  previously  at  HDL  and  specific  pro¬ 
cedures  had  to  be  devised  for  this  particular 
application. 

Quantitative  results  from  this  task  are  presented 
in  table  5.  The  total  weight  of  the  metal  debris 
collected  from  each  S&A  unit  (consisting  primarily 
of  aluminum,  zino,  and  steel  alloys  in  the  form  of 
particles  and  fine  powder)  are  listed  in  the  column, 
titled  “total  particles."  Data  for  the  first  baseline 


TABLE  5  TEST  RESULTSi  POST-TEST  METAL  DEBRIS  ACCUMULATED  IN  M732  S&A  MODULE 


Test  group 

Run  No. 

Grots 
wgt  iota 

Coarse 

particles 

Fine 

particles 

Total 

particles 

Gross  total 
oil  and 
lubricants 

Remarks 

l 

Baseline  alnu- 

PI  to  E8 

Lost  (inconclusive 

soldo] 

F9 

— 

— 

— 

0076 

— 

results) 

Fit) 

_ 

— 

— 

0096 

— 

— 

Ell 

0.0161 

0.0065 

0.0203 

0065+ 

Uncertain 

Flnoe  on  paper  can't 

F12 

0,0139 

0.0090 

0,0008 

0098 

Unccrtuin 

trust.  __ 

FI  3 

0.0162 

- 

— 

0142 

0020 

Of) 

2 

F14 

0,0419 

— 

— 

0,0059 

— 

BuHuline  einu- 
•oidul 

F15 

0,0129 

— 

— 

0.0082 

0.0047 

— 

Avg.  0.0090 

FI  7 

0.0113 

0.0050 

0.0009 

0.0059 

0.0054 

20 

FIB 

0.0096 

0.0037 

0.0013 

0.0050 

0,0046 

5 

F19 

0,0063 

0,0028 

0.0005 

0.0033 

'0.0030 

5 

F20 

0,0127 

0,0033 

0.0004 

0.0037 

0.0090 

5 

F21 

0.0115 

0.0037 

0,0004 

0.0041 

0.0174 

10 

3 

F-22 

0,0134 

0.0027 

0.0008 

0.0035 

0,0099 

10 

Iniliul  equivu- 

F23 

0.0067 

0,0027 

0.001 1 

0.0038 

0.0029 

10 

lent  random 
vibration  test, 

m 

0.0074 

0,0022 

0.0003 

0.0025 

0.0049 

15 

m 

0,0099 

0,0027 

0.0005 

0.0032 

0.0067 

20 

F29 

0.0134 

0,0030 

0.0006 

0.0036 

0.0101 

20 

F30 

0.0090 

0,0026 

0.0005 

0.0031 

0.0067 

15 
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test  (Group  1)  were  inconclusive;  an  analysis 
procedure  waa  being  developed  concurrently  and 
the  results  that  were  obtained  cannot  be  considered 
as  accurate  as  the  data  measured  on  subsequent 
groups.  The  second  baseline  test  (Group  2) 
averaged  8.83  mg  of  debris  per  module  with 
significant  variance  around  the  mean.  These 
values  were  substantially  higher  than  expected. 
The  higher  than  expected  amount  of  debris  is 
consistent  with  the  massive  functional  failure 
noted  during  the  post-vibration  TTA  test  (see 
Group  2  results,  sect.  6.2.2). 

A  review  of  the  test  results  for  the  random 
vibration  test  (tables  5  pnd  6)  indicates  that 
although  better  process  control  existed  for  these 
analyses  regarding  debris  separation  repeatability, 
these  modules  (1)  averaged  approximately  50 
percent  less  (~4.0  mg)  total  debris  than  was 
collected  in  the  baseline  test  on  Group  2  and  (2)  no 
wear  correlation  as  indicated  by  total  wear  debris 
could  be  established  as  a  function  of  increased  rms 


TABLE  6.  SUMMARY  OF  POST-RANDOM 
VIBRATION  TEST  METAL  DEBRIS 
COLLECTED  FROM  M732  S&A  MODULES 


Group  No.  3 

Random 
vibration  teat 
(g  rms) 

Average  weight  of 
debris  for  subgroup 
mg/modul« 

18 

S 

4.0 

19 

5 

20 

5 

21 

10 

3.8 

22 

10 

23 

10 

26 

15 

2.8 

27 

15 

30 

15 

17 

20 

4.23 

28 

20 

29 

20 

level  of  excitations.  Since  finding  (1)  above  cannot 
be  accepted  until  more  baseline  tests  are  per¬ 
formed,  no  conclusive  correlation  can  be  made 
between  the  sinusoidal  and  random  test  regarding 
wear  debris.  The  leveling  off  of  accumulated  debris 
at  the  increasingly  higher  random  vibration  excita¬ 
tion  levels  ( 1 5  and  20  g  rms)  was  thought  originally 
to  represent  an  anomaly  because  of  the  small 
sample  size  (three  units).  However,  confidence  in 
the  analysis  method  and  its  precision  led  to  the 
conclusion  that  damage  at  the  higher  gravity  levels 
had  to  occur  as  part  distortion  rather  than  part 
abrasion. 

One  reason  for  weight  vaiiance  within  any 
sample  group  may  be  due  to  metal  debriB  that  is 
possibly  lost  during  post-test  disassembly  and 
manual  inspection  of  the  module  before  the  initia¬ 
tion  of  the  chemical-mechanical  separation  pro¬ 
cedure.  This  loss  is  practically  unavoidable,  but  it 
is  considered  to  be  of  relatively  small  magnitude 
compared  to  the  total  weight  of  the  metal  debris. 

Table  7  summarizes  data  (see  app  D,  table  D-l) 
collected  on  S&A  units  “as  delivered."  Data  were 
obtained  in  January  1978,  after  the  chemical 
analysis  technique  had  been  perfected.  It  is  pre¬ 
sented  in  this  section  primarily  to  indicate  the 
precision  that  can  now  be  achieved  with  this 
rrvihod.  It  should  be  noted  that  the  metal  debris 
collected  from  each  unit  is  nearly  the  same 
(0.0017  ±  0.0004  gms),  whereas  there  is  a  more 
than  2:1  difference  between  the  minimum  and 
maximum  amounts  of  oil  collected.  This  is  dis¬ 
cussed  further  in  section  7.2.2. 

TABLE  7.  SUMMARY  OF  DATA  ON  OIL  AND 
METAL  COLLECTED  FROM  LOT-DELIVEREL 
M732  S&A  MODULES  (REFERENCE 
APPENDIX  D,  TABLE  D-l) 


Unit  No.  (gms) 


Metal  debris  and  oil 
collected  by  “washing” 

0.0058 

0.0019 

0.0083 

Large  particles 

0.0010 

0.0015 

0.0017 

Fine  particles 

0,0003 

0.0002 

0.0003 

Tolui  particles 

0,0013 

0.0017 

0.0020 

Oil 

0.)045 

0.0102 

0.0063 

7.  DISCUSSION 


To  a  large  extent,  teat  reaulta,  observations,  and 
conclusions  must  be  considered  tentative  since  (1) 
sample  sizes  were  small,  (2)  some  tests  were  being 
done  for  the  first  time,  and  (3)  approaches  were 
modified  as  information  was  acquired.  An  ap¬ 
parent  contradiction  exists  because  some  data  are 
precise  and  definite  trends  can  be  observed;  yet, 
anomalous  behavior  was  exhibited  both  by  group 
and  by  units.  Certainly,  additional  tests  are  called 
for  with  more  definitive  boundary  conditions  and 
fewer  variables,  As  discussion  will  show,  one 
variable  requiring  closer  control  is  lubrication  of 
the  S&A. 

7.1  Tums-to-Arm 

TTA  proved  to  be  a  quite  reliable  yardstick  in 
determining  the  condition  of  the  S&A.  Generally, 
TTA  before  test  appeared  reasonably  the  same  for 
all  unite  (table  4).  Unfortunately,  TTA-B  were  all 
measured  when  delivered  (after  detonator  replace¬ 
ment).  Future  tests  should  specify  that  TTA-B  be 
performed  just  before  vibration  testing.  Except  for 
some  anomalous  behavior,  and  allowing  for  small 
sample  size,  TTA- A  data  were  consistent  with 
observed  test  condition  severity  (more  damage, 
longer  arming  time)  and  specific  types  of  damage. 

7.2  Lubrication 
7.2.1  Group  2  Results 

Although  TTA-B  for  Group  2  was  consistent 
with  data  of  other  groups,  TTA-A  was  marked  by 
catastrophic  failure.  Since  this  group  was  sub¬ 
jected  to  the  same  test  as  Group  1,  the  results  were 
totally  unexpected.  An  explanation  can  be  deduced 
only  from  post-test  observations  of  the  S&A  and 
from  previous  experience  of  the  S&A  designers. 

The  S&A  units  were  delivered  prelubricated 
and  sealed  in  plastic  pouches.  The  detonator  was 
replaced  at  HDU  the  units  were  tested  for  TTA  and 
were  then  returned  to  the  plastic  bag.  It  is  known 
that  the  lubricant  flows  readily  and,  when  it  is  in 
contact  with  any  oil-absorbent  material,  it  will 
“wick”  away.  Since  the  HDL  environment  test  area 
carries  a  heavy  work  load,  it  is  postulated  that  the 


S&A  units  were  removed  from  their  pouches 
before  the  test,  placed  on  a  workbench  (perhaps  on 
paper  towels)  and,  because  of  other  work  commit¬ 
ments,  were  not  tested  immediately.  Lubricant  loss 
under  these  circumstances  would  account  for  the 
additional  fretting  products,  the  exceptional  dry¬ 
ness  of  the  material,  and  a  noted  lack  of  oil 
remaining  in  the  S&A  unit.  Although  this  is  a 
hypothesis  and  cannot  be  proven,  it  does  correlate 
with  known  facts  and  does  have  merit  as  an 
explanation. 

7.2.2  Chemical  Analysis 

Table  7  (an  excerpt  from  table  D-l,  app  D) 
shows  the  type  and  amount  of  metal  particles  and 
the  amount  of  oil  that  were  observed  in  the 
chemical-mechanical  analysis.  At  the  time  these 
results  were  obtained,  the  analysis  technique  had 
been  perfected;  thus,  these  results  are  quite  reli¬ 
able.  It  can  be  observed  that  units  “as  delivered” 
do  contain  some  metal  particles  (0.117  ±  0.0004 
gms).  More  important,  however,  is  the  fact  that 
among  the  three  samples  there  iB  more  than  a  2:1 
ratio  in  the  amount  of  oil  present  between  the  least- 
and  best-lubricat  ed  units.  The  variation  in  lubrica¬ 
tion  of  other  units  and  its  effect  on  TTA  per¬ 
formance  must  be  questioned. 

7.2.3  Relevancy  to  Future  Tests 

Since  lubrication  appears  to  play  a  major  role  in 
vibratory  damage  results,  an  assessment  of  its 
importance  should  be  determined.  This  is  es¬ 
pecially  applicable  where  another  parameter  is 
being  evaluated  (as  herein,  RTV  test  versus  stand¬ 
ard  TV  test),  and  the  lubrication  appears  to  be  a 
significant  factor  in  determining  wear  damage.  A 
consideration  for  future  tests  might  include  ultra- 
tonic  cleaning  of  all  units  and  precise  lubrication  of 
critical  bearings  and  pivots  before  actual  testing. 

7.3  Chemical-Mechanical  Analysis 

This  method  was  developed  into  a  precise, 
valuable  analysis  tool.  Because  of  its  credibility, 
analysis  of  RTV  test  data  (5,  10,  15,  and  20  g) 
directed  attention  to  the  fact  that  at  higher  g  levels, 
damage  occurred  as  a  distortion  of  parts  and 
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enlargement  of  pivots  and  holes  rather  than  as 
abraded  byproducts.  Analysis  data  provided  a 
quantitative  measurement  that  confirmed  visual 
observations.  Current  thinking  is  that  this  analysis 
tool  will  see  more  use  in  the  future  for  analysis  of 
the  types  of  debris  that  result  from  vibratory 
testing.  In  such  use,  it  would  lead  designers  to 
consider  different  materials  or  designs  to  minimize 
part  wear  at  critical  surfaces  and  pivots, 

7.4  Mechanical  Inspection 

Observations,  test  results,  and  the  limited  use  of 
dimensional  measurements  that  were  made  indi¬ 
cate  that  precise  determination  of  damage  effects  in 
the  future  will  rely  heavily  on  precise  mechanical 
inspection.  Once  critical  component  dimensions 
are  delineated,  pre-  and  post-test  measurements 
will  have  to  be  made.  Manufacturer's  tolerances 
cannot  be  used  as  a  reliable  benchmark.  Although 
this  suggested  detailed  approach  may  appear  to  be 
costly  in  time,  precise  measurement  data  are 
necessary  for  accurate  reliable  analysis  of  test 
method  applicability.  In  addition,  such  modifica¬ 
tions  in  procedure  as  more  uniform  lubrication  of 
test  units,  more  precisely  controlled  storage  and 
handling  parameters,  etc.,  will  allow  use  of  few  test 
sumplos  or,  conversely,  for  a  given  number  of 
units,  will  yield  more  consistent,  accurate,  und 
precise  results. 

7.5  Spectral  Analysis,  Sinusoidal  Drive, 
Random  Vibration  Drive 

7. 5. 1  Spectral  A  nalysis 

Analysis  of  the  harmonic  or  sub-bund  response 
to  the  swept  sinusoidal  drive  has  proved  infor¬ 
mative.  At  this  point,  precise  conclusions  cannot 
be  made,  nor  is  it  necessary  to  be  uble  to  do  so.  It  is 
immaterial  whether  wear  occurs  becuuse  of  struc¬ 
tural  resonances  or  because  of  component  resonant 
response  —  the  net  effect  is  observable  damage. 
Noteworthy  however,  is  the  observation  that  most 
response  (acceleration  excursions)  occur  in  the 
bund  between  100  and  250  Hz  or,  being  more 
liberal,  even  as  wide  a  band  as  50  to  300  Hz. 
Further  study  is  necessary  to  be  more  definitive 


but,  for  now,  some  interesting  conjectures  can  be 
made  regarding  future  types  of  testing  and  a  related 
savings  in  test  time. 

7.5.2  Sinusoidal  Drive 

If  it  is  assumed  that  negligible  damage  occurs 
outBide  the  100-  to  250-Hz  band  (or  perhaps  50  to 
300  Hz),  it  follows  that  test  time  spent  sweeping 
outside  this  region  might  be  unnecessary.  Time 
spent  between  92.4  und  270  Hz  is  7  minutes  (26 
minus  19  min)  and  between  50.0  and  315  Hz  is  12 
minutes  (27  minus  15  min)  (see  app  A,  table  A-l). 
Of  the  present  swept  frequency  test  cycle,  7 
minutes  duration  is  23  percent  und  12  minutes  is 
40  percent.  An  experimental  investigation  to  check 
this  hypothesis  uppears  warranted. 

7.5.3  Random  Vibration  Drive 

Tests  performed  so  fur  ure  very  promising  — 
certainly,  feasibility  of  the  method  und  the  savings 
in  test  time  have  been  demonstrated  ( 1  hour  versus 
12  hours). 

However,  experimental  and  mathematical  cal¬ 
culations  (sect.  4.2)  predicted  1.6  hours  of  testing 
for  RTV  versus  4  hours  for  standard  TV  testing.  It 
should  be  recalled  that  the  calculated  value  was 
based  on  ~r  over  the  5-  to  500-Hz  bund.  If  the 
assumption  about  sub-band  relevancy  is  carried 
forward,  the  product  of  the  100-  to  250-Hz  band 
value  (23-percent  test  time)  and  the  time  rutio 
(1.6  versus  4.0  hours  —  40  percent)  yields  u 
value  of  9.2  percent,  u  crudely  derived  but  inter¬ 
esting  result. 

Details  us  to  umplitude  levels,  spectral  content, 
und  test  duration  will  huve  to  be  determined. 
However,  considerable  leewuy  exists  in  the  par¬ 
ameters  available  for  adjustment  so  us  to  justify  the 
optimism  that  equivalency  cun  be  demonstrated 
while  considerable  time  is  suved. 


8.  CONCLUSIONS 

Several  conclusions  cun  be  druwn  from  the 
procedures  reported  on  here, 

•  Processing  »1  the  S&A  units  (especially 
regarding  luhrieution),  storage,  and  handling  cun 
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be  a  dominant  factor  in  shaping  the  outcome  of  the 
MIL-STD  TV  tests. 

•  The  standard  spin  test  and  the  measurement 
of  TTA  proved  to  be  a  realistic,  valid  measure  of  the 
S&A  sustained  damage. 

•  The  chemical-physical  debris  analysis  that 
was  finally  developed  is  a  precise  quantitative 
measurement  method  that  provided  insight  into 
the  cleanliness  and  lubrication  of  units.  It  provided 
a  major  clue  as  to  the  type  of  damage  sustained  at 
the  higher  g  levels  in  the  RTV  tests  (hole  enlarge¬ 
ment,  dimensional  changes,  etc.,  rather  than  abra¬ 
sion  and  fretting  products).  This  chemical-physical 
technique  will  probably  in  the  future  be  reserved 
almost  entirely  for  analysis  of  the  abraded  material. 

•  Visual  observation  of  units  at  low  magnifi¬ 
cation  sufficed  to  verify  results  of  the  spinner 
arming  tests.  However,  quantitative  analysis 
of  “equivalent”  damage  sustained  by  units  as  a 
result  of  varying  TV  test  parameters  will  be  most 
meaningful  if  sophisticated  dimensional  measure¬ 
ment  equipment  is  used. 

•  Principles  and  techniques  developed  by  this 
project  show  considerable  promise  as  a  design 
analysis  test  for  ordnance  materiel  exposed  to 
vibratory  environments, 


9.  RECOMMENDATIONS 

Feasibility  of  the  proposed  RTV  test  as  a 
substitute  (equivalent)  replacement  for  the  MIL- 
STD  331  TV  test  hus  been  demonstrated;  equally 
as  important,  it  has  been  shown  thut  test  time  for 
comparable  damage  to  the  M732  S&A  module  can 
be  achieved  in  less  than  one-half  of  the  test  time 
now  required.  It  is  therefore  recommended  that,  as 
an  absolute  minimum  effort,  this  program  be 
continued.  Specific  test  criteria  for  RTV  testing 
could  then  be  established  which  will  be  shown  to  be 
equivalent  to  the  damage  sustained  by  units  in  the 
current  MIL-STD  331,  Method  119,  TV  test, 
Additional  support  of  this  proposal  would  allow  for 
collection  und  utilization  of  available  field  en¬ 
vironment  test  records  (TV  tapes,  records,  etc.)  for 
spectral  unalysis,  followed  by  RTV  test  specifica¬ 
tions  that  would  be  fine  tuned  for  the  "real  world." 
Additional  areas  for  development  could  then  in¬ 


clude  design  (or  at  least  analysis  for  relevancy)  of 
similar  tests  for  other  ordnance  materiel. 


10.  SUMMARY 

Specifications  were  to  be  derived  for  a  random 
vibration  test  procedure  that  would  replace  the 
current  MIL-STD  331,  Method  119,  swept  sinu¬ 
soidal  TV  test;  the  proposed  test  would  be  more 
realistic,  would  result  in  better  field  environment- 
qualified  ordnance  materiel,  and,  because  of  a 
shorter  required  test  time,  would  be  lesB  costly. 

The  proposal  called  for  the  demonstration  of 
equivalency  between  the  new  and  old  test  methods 
by  running  each  type  of  test  on  standard  M732 
S&A  modules  and  then  comparing  and  evaluating 
the  results. 

An  experimental  and  mathematical  analysis 
established  a  test  time  of  1.6  hours  for  RTV  versus 
4  hours  for  the  standard  TV  test.  Units  were  run  at 
one  of  4  g  levels  (5,  10,  15,  and  20  g)  in  the  RTV 
mode  for  1  hour,  versus  12  hours  for  the  baseline 
test  (standard  TV),  Damage  levels  were  observed 
that  spanned  those  obtained  with  the  standard  TV 
test,  demonstrating  feasibility  of  the  method  and 
sufficient  flexibility  for  adjustment  of  parameters 
to  warrant  confidence  that  test  specifications  can 
be  established  with  substantial  savings  in  testing 
time.  Further  developments  in  this  project,  how¬ 
ever,  will  require  additional  support  and  additional 
funding. 

In  the  course  of  this  program,  several  accom¬ 
plishments  were  made  that  are  basic  to  continuing 
work,  and  un  event  was  noted  that  perhaps  ranks  hs 
important  as  the  outcome  of  this  project  itself,  The 
event  referred  to  involves  the  lubrication  of  the 
S&A  module.  Two  groups  of  eight  units  each  from 
the  same  manufacturing  lot  were  subjected  to  the 
MIL-STD  test  at  different  times;  post-test  results 
differed  radically.  The  second  group  armed  poorly 
if  at  all,  exhibited  much  greater  wear,  and  had  very 
little  lubricant.  Since  the  units  came  from  the  same 
lot,  luck  of  lubricunt  was  attributed  to  loss  through 
handling  or  storage.  This  occurrence  should  alert 
the  ordnance  materiel  test  community  that  ap¬ 
parently  insignificant  factors  may  play  as  im¬ 
portant  a  role  in  test  outcome  us  known  major  items 
of  importance,  or  even  the  test  procedure  itself. 
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Some  accomplishments  follow, 

(1)  Development  of  a  chemical-mechanical 
analysis  procedure  for  assaying  metal  debris  and 
oil  residue  in  the  S&A  module. 

(2)  Development  of  transducer  instrumenta¬ 
tion  and  methods  for  definition  of  damage  in¬ 
flicting  dominant  frequency  sub-bands. 

(3)  Determination  of  damage-prone  surfaces 
and  elements  within  the  S&A  and  decision  that 
precise  dimensional  measurements  of  S&A  ele¬ 
ments  will  yield  maximum  information  with  fewest 
test  samples. 


(4)  Use  and  availability  of  a  computer  program 
for  processing  and  for  spectral  analysis  of  TV  test 
records. 

To  recapitulate,  data  obtained  and  analyzed  to 
date  justify  the  original  premises  and  predictions 
for  the  proposed  random  vibration  test  procedure. 
Techniques  and  guidelines  have  been  developed 
that  will  channel  additional  supporting  work  to  a 
successful  project  conclusion.  Further  testing  and 
project  funding  is  required  to  substantiate  and 
document  a  precisely  defined  test  procedure. 
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APPENDIX  A.  —  REVERSIBLE  CYCLES  IN  MIL- STD  TRANSPORTATION  VIBRATION  TESTS 

A  computer  program  wan  written  to  establish  the  numerical  values  of  parameters  f,  N,  and  as 
functions  of  test  frequency  and  time.  The  program,  a  tabular  listing  that  follows,  shows  the  instantaneous 
numerical  value  of  each  of  the  parameters  over  1- minute  intervals  within  the  240-minute  range  and 
graphical  plots  of  the  sweep  function  and  Nt0<  , 

To  determine  the  equivalent  test  time  for  the  proposed  RTV  test,  a  statistical  cycle-reversal 
frequency  about  a  specified  mean  or  rms  level  of  excitation  had  to  be  established.  This  was  achieved  in 
two  independent  ways — through  evaluation  of  test  data  and  by  theoretical  considerations. 
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C  LOGLIN  -  COMPUTES  TWO  FUNCTION!! « 
c 

3  Si  T>"3.n0.« n 4  .  *<  3 0  . -ADB< AMOD!  T , 6 0 . ) -30 . > ) ) 

u 

C  11!  T >  -F0 *3 C  00  .  *!  10  .  **!  M"T  >-1.3/0  M«L1H  10 . )  > 

Cl 

9  BOTH  PROM  0  11111.  TO  240  Mill.,  T  IS  Ill  HOURS 
C  FO-5. 

C  M-4 . 

C  LUt 10.) -2. 302585 
C 

DIMENSION  XF<  243.)  ,Xtl(  241)  .BASE!  241) ,XOFF(  241) 

DIMENSION  XIil(  2  )  ,XL2!  2 )  ,  VL1(  2  ) ,  VL2!  2  ) 

data  xli/'grap' , •  11  1  '/ 

DATA  XL2/'GRAP’  ,  '-H  2  '/ 

DATA  yitl/  'LOGS’  ,  '  CALE '  / 

DATA  YL2  /  ' LOOS ’ , ' CALE ' / 

DATA  LENXL1 ,  LE11XL2  ,  LBNVLl  ,  LEHVL2  /  4  *8  / 

C 

C  ATTACH  OUTPUT  LUtl  4 
WRITE!  5,5) 

5  FORMAT!  '  E11TER  OUTPUT  DEVICE  OR  FILE') 

CALL  OPENFX!  5,4 ) 

C  OPTION t  DIASHOSTIC  OUTPUT 
WRITE!  5,6) 

6  FORMAT!  '  ENTER  1  FOR  EXTRA  DIAGNOSTIC  OUTPUT’) 

READ!  5,110) IFLAG 

C  DO  FIRST  EOUATIOlli 

x-o. 

XXNC-1. 

c 

DO  40  3-1,241 

XF(  I)-5.*10.**(4.*X/60.  ) 

X-X+XIMC 

IF  <X  .GE.  30  .  )XX11C»-1 . 

IF  MX  .LE.  0.)XI11C-1. 

4  0  CONTINUE 

C  DO  SECOND  EQUATION 
C  SETUP 

XBASE- 0 . 

XXMC-1. 

X-0. 

C  LOOP 

DO  44  I-l ,  241 

XN(  D-XEASE+XIHC*!  36000.*!  10.**!X/15.)“l.)/{  8*2.3026)  ) 
BASE!  I) -XBASE 

XOFF!  I)-Xir:c*(  36000.*(  10.**!  X/15 .  >  -1 . )  /2 . 3026  > 

IF  <  X  . LT.  30. )  GO  TO  42 
XBASE-XBABB+Xll!  3D+X11C  31) 

XIMC--1. 

42  IF  < X  .GT.  0)  GO  TO  44 

M.TMC-l . 

44  X-X -MilHC 

C 

J-l 

DO  200  1-1,0 
110  FORMAT!  ID 


I  vaaw*>  **■  *m‘*ef* nlJm 
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FORTRAN  XV 

F06-01  SOURCE  LIOSIKQ 

004.! 

“FdFLRG  .r.O.  0 ) WRITE!  4,120) 

00 

1.20 

rciM-MYt  >1  iitob::*  ,5::,'fr.eq'  ,iox,  *h' ,ox, 'log  it  ) 

0i>45 

>:f  ;  tflao  .  eo  .  1  j  write!  4 , 1 2 1 ) 

(1047 

.1.2.1. 

foe imas! 1 1  index'  ,5::,  treq'  ,iox,  'n* ,ox,  'log  n1  ,iox,'base 

c 

1  CM, ’ OFFSET '  ) 

00.'  1 

H.W+29 

0045 

III'  (  K1  .EO.  240)  IC 1  - 2 4 1 

0C.0.1. 

DO  16  0  K-J,K1 

OOUM 

Xi?  (  SFLAG  .EO.  0)  GO  TO  14  0 

0051 

WRITE!  4 , 13  5  )K-1,XF!  K)  ,XM(  I!)  ,ALOG<  XIX  I!)  )  ,BA8E!  K)  ,  XOFF!  K ) 

00  55 

135 

FORMAT!  3X,  13 ,3H, Oil. 4 ,2>i,GU  .4 , 2X.OU.4 ,2X. 011.4, 2X.GU 

00  50 

GO  TO  160 

0007 

140 

WRITE!  4 , 16  5  )K-1  ,  XF(  !! ) ,  NIX  K ) , ALOG!  XIX  IO  ) 

0050 

luO 

CCIJSSIIOB 

005  0 

Id  u 

FORMAT!  3.'!,I3,3X,GU.4,2X,GU.4,2X,G11.4) 

0060 

200 

j-ia+i 

c  prompt  yen  graphs 

0061 

WRITE! 5,590) 

0063 

590 

FORMAT!  '  ENTER  1  TO  OUTPUT  GRAPHS') 

OOGO 

REAR!  5,110)  U 

0054 

IF  (  r J  ,EO.  0)  STOP 

C  OUTPUT  2  GRAPHS 

OOCG 

WRITE! 5,600) 

OOG7 

600 

FORMAT!  •  SPECIFY  OUTPUT  DEVICE  FOR  GRAPHS' > 

OOGO 

CALL  0FEI1FX<5,1) 

OOGO 

CALL  SBTPDO 

0070 

CALL  INIT! 2 , , 1 . 5  > 

007.1 

CALL  SCREEN 

0072 

CALL  EHTGRA 

C  GRAPH  1 

0C73 

GALL  LOOOCA! XF, 241, 6. ,1,1) 

0074 

CALL  QCALE!  0 . , 240 . , 6 . ,GF,VLO, 0) 

0075 

CALL  YLOGAXt YL1 ,LEMYL1 , 6 . > 

0075 

CALI,  XAXXS!  >!L1  ,LEN>!L1 , 6  .  ) 

0077 

IPEK-3 

0070 

HO  610  1-1,241 

0079 

CALL  DRAW!  FLOAT!  I-l) ,XF!  I)  ,IPEN,2> 

0000 

610 

XPittJ-1 

000.1 

CALL  EXITOR 

C  GRAPH  2 

0003 

READ!  5 , 110 ) XJ 

0003 

CALL  SCREEN 

0004 

CALL  13MT3EA 

0005 

CALL  LOOOCA!  XII,  241, 6.,  1,1) 

OOOG 

CALL  YL0GAX!  YL2  ,  LE1IYL2  ,  6  .  ! 

0007 

CALL  MAX 15!  XL2 , LENXL2 , 6 .  ) 

0000 

IPEN-3 

0009 

DO  620  1-1,241 

0090 

GALL  DRAW!  FLOAT!  1-1 ) ,XN(  I ) , I  PEN, 2 ) 

009!. 

620 

IPEI1-1 

0092 

CALL  EXXTGR 

0093 

READ! 5,110)TJ 

0004 

STOP 

0005 

END 
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BDIi  SUPER  FORTRAN  V2-4 

LOOLIN . FTN  /TRi BLOCKS /WE  1 

C  LOOLIN  -  COMPUTES  TWO  FUNCTIONS i 
C 

C  F(  T)“5.*10.**<  4  ,  *( 30 . -ABE*  AMOD* T , 6 0 . ) -30 . ) ) ) 

C 

C  Ht  T )  “TO* 3600 ,  **  10 . **< M*T) -1 . > /< M*LNt 10 . > > 

C 

C  BOTH  FROM  0  KIM.  TO  240  HIM.,  T  IS  IN  HOURS 
C  FO-S. 

C  M-4. 

C  LN< 10. >-2.302385 
C 

0001  DIMENSION  XF(  241 ) ,XN(  241 ) .BASE*  141) ,XOFF( 241) 

0002  DIMENSION  XL1(  2  ) ,XL2( 2 ) , YL1( 2 ) , YL2( 2 ) 

0003  DATA  XLl/'GRAP' , 'H  1  '/ 

C  DATA  XL2/ 1 ORAP 1 , 'H  2  ' / 

0004  DATA  XL2/'  ’/ 

OOOS  DATA  YLl /'LOOS' , 'CALS' / 

C  DATA  YL2/ ' LOOS  1 , * CALS ' / 

0006  DATA  YI.2/>  '/ 

00(  7  DATA  LBNXL1 , LENXL2 , LENYL 1 , LENYL2 / 4  * 8/ 

C 

C  ATTACH  OUTPUT  LUN  4 
0008  WRITE*  3,3) 

0009  S  FORMAT* ' 8BNTEH  OUTPUT  DEVICE  OR  FILE i  ’) 

0010  CALL  FXLASN*  4 ) 

C  OPTION i  DIAGNOSTIC  OUTPUT 
0011  WRITE* 3,6) 

0012  6  FORMAT* •< ENTER  1  FOR  EXTRA  DIAGNOSTIC  OUTPUTi  ’) 

0013  READ* 3,110)IFLAO 

C  DO  FIRST  EQUATION i 
0014  X-0. 

0013  XINC-1. 

C 

0016  DO  40  1-1,241 

0017  Xr< I)-3.*10.*** 4 ,*X/60. ) 

0018  X-X+XINC 

0019  IF  (X  .  <3E  ,  30  .  (XINC--1 . 

0020  IF  (X  .LE.  0 • ) XINC-1 . 

0021  40  CONTINUE 

C  DO  SECOND  EQUATION 
C  SETUP 

0022  XBASE-0. 

0023  XINC-1. 

0024  X-0. 


C  LOOP 


DO  44  1-1,241 

XN<  D-XBASE+XINC"*  3 6 000  .  **  10 . **< X/1S . ) -1 . > /(  8*2 . 3026 >  > 
BABE* I) -XBASE 

XOFF*  D-XXMC**  36000.**  10.***  X/13.  >-l.  )/2 .3026) 

IF  <  X  .LT.  30. )  GO  TO  42 
XBASE-XBASE+XN*  31)+XN(  31) 

XINC--1. 

IF  (X  .GT.  0)  GO  TO  44 
XINC-1. 

X-X^XINC 


J-l 

DO  200  1-1,8 
FORMAT*  ID 
If  t I FLAG  ■ EO . 


0 ) WRITE* 4,120) 


FORMAT* '1  INDEX' ,5X, 'FREQ ' ,10X, ' N • ,»X, 'LOG  N’ ) 
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0040 

0041 


0042 
0043 
0044 
0045 
004  6 
004  7 
004B 
0049 
0050 
0051 
0052 

0053 

0054 

0055 

0056 

0057 

0058 

0059 

0060 

0061 

0062 

0063 

0064 

0065 

0066 

0067 

0068 

0069 

0070 

0071 

0072 

0073 

0074 

0075 

0076 

0077 

0078 

0079 

0080 

0081 

0082 

0083 

0084 

0085 

0086 


121 

C 


135 


xr  t ITLAG  .SO.  1)  WRITE!  4,121) 

FORMAT! *1  INDEX' ,5X, TREQ' ,10X, 'N' ,9X, 'LOG  M'.IOX, 'BASS' , 

1  8X, 'OFFSET') 

Xl-J+29 

IF  (XI  .SO.  240)  Kl-241 
DO  160  X-J.Xl 

IF  ( I FLAG  .SO.  0)  SO  TO  140 

WRITS!  4 , 135 )K-1 ,XF(  X) , XN(  X  > , ALOQf  XN!  X ) ) , BASS!  K ) , XOFF!  X ) 
FORMAT!  3X,X3,3X,all.4,2X,ail.4,2X,S11.4,2X,Q11.4,2X,011.4> 
SO  TO  160 

WRITE!  4 , 16  5 )X-1 ,XF(  X > ,XN(  X ) , AlOQ!  XN!  X) ) 

CONTINUE 

format!  sx^s.ax.aii^^x.Gii^^x.an^) 

J-XH-1 


140 
160 
165 
200 

C  PROMPT  FOR  SRAPHS 
WRITE!  5,590) 

590  FORMAT!'  ENTER  1  TO  OUTPUT  GRAPHS') 

READ!  5,110)IJ 
IF  (  IJ  -EQ.  0)  STOP 
C  OUTPUT  2  GRAPHS 

WRITE!  5,600) 

600  FORMAT! ' •SPECIFY  OUTPUT  DEVICE  TOR  GRAPHS)  ') 
CALL  FILASN!  1 ) 

BETPDQ 
XNIT! 2 
SCREEN 
ENTGRA 


,1.5) 


LOGOCA!  XF, 241, 6. ,1,1) 
QCALEt  0. ,240. , 6 . , BF, VLO , 0 ) 
YLOGAX!  Yll , LENYL1 , 6 . > 
XAX1S!  XL1 , LENXL1 , 6 . ) 


CALL 
CALL 
CALL 
CALL 

C  GRAPH  1 

CALL 
CALL 
CALL 
CALL 
IPEN-3 
DO  610  1-1,241 

CALL  DRAW!  FLOAT!  1-1) ,XF(  I) , IPEN.2) 
610  IPEN-1 

CALL  EXITGR 
C  GRAPH  2 

HEAD!  5 , 110 )  IJ 
CALL  SCREEN 
ENTGRA 

LOGOCA!  XN, 241, 6.,  1,1) 

YLOGAX!  YL2 , LENYL2 , 6 . ) 

XAXIB!  XL2 , LENXL2 , 6 .  ! 


■s 


620 


CALL 
CALL 
CALL 
CALL 
IPEN-3 
DO  620  1-1,241 
CALL  DRAW!  FLOAT!  I- 
IPEN-1 
CALL  EXITGR 
READ!  5 , 110 ) IJ 

STOP 

END 


1) ,XN< I) , IPEN , 2 ) 


PROGRAM  SECTIONS 


NAME 

SIZE 

ATTRIBUTES 

•CODE1 

002206 

579 

RW, I.CON.LCL 

•PDATA 

000060 

24 

RW, D , CON , LCL 

•IDATA 

000566 

187 

RW , D ,CON , LCL 

•  VARS 

007532 

1965 

RW, D,CON , LCL 

•TEMPS 

000004 

2 

RW, D ,CON , LCL 

TOTAL  SPACE  ALLOCATED 
, LP i -LOGLIN . FTN 


-  012612  2757 
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C  LOOLIN  -  COMPUTES  TWO  FUNCTIONS i 
C 

C  F(T)-3.*10.**<4.*<  30 . -ABS(  AMOD!  T,60.)-30.))) 

C 

C  N(  T)-F0*3600.*< 10  ,  **!  M*T) -1. )/<M*LN( 10.)) 

C 

C  BOTH  FROM  0  MIN.  TO  240  MIN.,  T  IS  IN  HOURS 
C  FO-S. 

C  M-4. 

C  LN(  10. )»2, 302S85 
C 

DIMENSION  XF( 241) ,XN(  241) ,BASE(  241)  ,XOFF! 241) 

DIMENSION  XL1( 2 ) ,XL2( 2 ) , YL1( 2 ) ,  YL2! 2 ) 

DATA  XLl/'GRAP' ,'H  1  '/ 

C  DATA  XL2/ ' GRAP 1 , 'H  2  '/ 

DATA  XL2/'  '/ 

DATA  YL1  / ' LOOS  <  , • CADE  1 / 

O  DATA  YL2/' LOGS' , 'CALE'/ 

DATA  YL2/'  '/ 

DATA  LENXL1 , LENXL2 , LENYL1 ,LENYL2 /4  *8/ 

C 

C  ATTACH  OUTPUT  LUN  4 
WRITE!  9,3! 

5  FORMAT!  ' 4 ENTER  OUTPUT  DEVICE  OR  FILE l  ') 

CALL  FILASN! 4 ) 

C  OPTIONt  DIAGNOSTIC  OUTPUT 
WRITE!  5  6 ) 

6  FORMAT!  ' (ENTER  1  FOR  EXTRA  DIAGNOSTIC  OUTPUT!  ') 

READ!  8,110 )IFLAG 

C  DO  FIRST  EQUATION! 

X-0. 

XINC-1. 

C 

DO  40  1-1,241 

XF< I)-5.*10.**(4.*X/60.) 

X-X+XINC 

IF  (  X  .GB.  30. 1XINC  —  1. 

IF  <  X  ,LE.  0. 1XINC-1. 

40  CONTINUE 

C  DO  SECOND  EQUATION 
C  SETUP 

XBASE-0. 

XINC-1. 

X-0. 

C  LOOP 

DO  44  1-1,241 

XN<  D-XBASE+XINC*!  36000.*!  10.**<  X/15.  >-l.  )/(  8*2.3026)  > 
BABE!  I) -XBASE 

XOFF!  D-XINC*!  36000.  •<  10 . **( X/1S . >-l .  >/2 . 3  J2«) 

IF  (X  .LT.  30.  )  GO  TO  42 
XBA8E-XBA8E+XN!  311+XN!  31) 

XINC--1. 

42  IF  (  X  .GT.  0)  GO  TO  44 

XINC-1. 

44  X-X+XINC 

C 

J-l 

DO  200  1-1,8 
110  FORMAT!  ID 

IF  (  IFLAG  .EQ.  0 ! WRITE!  4 , 120 ) 

120  FORMAT!  '1  INDEX ', SX ,' FREQ ', 10X ,' H' , 9X, ' LOO  N' > 

IF  (IFLAG  .EQ.  1)  WRITE!  4, 121) 

121  FORMAT!  1 1  INDEX  ',  SX ,' TREQ 10X ,' N’ , 9X LOO  N' , 10X BASE' , 

1  8X , ' OFFSET '  ) 


% 


I 


I 


1 

\ 


I 


v 
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C 

Xl-J+29 

If  ( K1  .EQ.  240)  Xl-241 
CO  160  X-J.Kl 

If  < IFLAO  .EQ.  0)  SO  TO  140 

WRITBt  4,133)X-l,XFt  X) ,XN<  K) ,ALOO<  XNt  K) ) ,BASE(X) ,XOFF<X) 

133  FORMATt  3X, 13 , 3X.011 .4 , 2X ,011 .4 , 2X.011 .4 , 2X,Oll .4 , 2X,011 .4) 
SO  TO  160 

140  WRITBt  4,165)X-l,XFt  X) ,XNt X) ,ALOQt  XNt  X) > 

160  CONTINUE 

165  FORMATt  3X ,  13 , 3X,SU  .4 , 2X  ,011  .<■  ,  2X  ,611 . 4  > 

200  J-Kl+1 

C  PROMPT  FOR  ORAPHB 
WRITBt S , 590 ) 

590  FORMATt'  ENTER  1  TO  OUTPUT  ORAPHB') 

READt 5,U0)IJ 
IF  <  IJ  .EQ.  0)  STOP 
C  OUTPUT  2  ORAPHB 

WRITEt  5,600) 

600  FORMATt ' (SPECIFY  OUTPUT  DEVICE  FOR  ORAPHB l  ') 

CALL  FILABNt 1) 

CALL  BETPDQ 
CALL  INITt  2, ,1.5) 

CALL  SCREEN 
CALL  ENTORA 
C  ORAPH  1 

CALL  LOOQCAt  XF, 241 , 6 . ,1,1) 

CALL  QCALEt 0. ,240. ,6. ,BF,VLO,0) 

CALL  YLOOAXt  YL1 , LEMYL1 , 6 . ) 

CALL  XAXIB<XL1,LENXL1,6.) 

I PEN "3 

DO  610  1-1,241 

CALL  DRAWt  FLOATt  X  ~ 1 ) , XFt X ) , IPEN, 2 ) 

610  IPEN-1 

CALL  EXITOR 
C  ORAPH  2 

READt 3, 110 >IJ 
CALL  8CREBN 
CALL  IMTORA 

CALL  LOOQCAt XN,241 ,6. ,1,1) 

CALL  YLOOAXt  YL2 , LEHYL2 , 6 . ) 

CALL  XAXIBt  XL2 , LENXL2 , 6 . ) 

I PEN-3 

DO  620  1-1,241 

CALL  DRAWt  FLOATt  I -1 )  ,XN<  I) , IPEN, 2) 

620  IPBN-1 

CALL  EXITOR 
READt  5 , 110 ) IJ 
STOP 
END 
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TABLE  A-l.  NUMBER  OF  ACCUMULATED  REVERSALS  AS  A  FUNCTION  OF  TIME  AND 
FREQUENCY  —  MIL-STD  331,  METHOD  119,  PROCEDURE  I 


mrx 

mo' 

M 

LOS  ■ 

TM08X 

mio 

X 

LOO  H 

0 

5.000 

0.0000 

0.0000 

60 

5.000 

0.38701+06 

12.87 

l 

5.330 

324.2 

5.782 

61 

5.630 

0.38731+06 

12.87 

2 

6.797 

702.3 

6.554 

62 

6.797 

0.38771+06 

12.87 

3 

7.924 

1143. 

7.041 

63 

7.924 

0.38811+06 

12.87 

4 

9.239 

1657. 

7.413 

64 

9.239 

0.38861+06 

12.87 

5 

10.77 

2256. 

7.721 

65 

10.77 

0.36921+06 

12.87 

6 

12.56 

2955. 

7.991 

66 

12.56 

0.38991+06 

12.87 

7 

14.64 

3769  . 

6.235 

67 

14.64 

0.39071+06 

12.88 

8 

17.07 

4719. 

8.459 

68 

17.07 

0.39171+06 

12.88 

9 

19.91 

5826. 

8.670 

69 

19.91 

0.39281+06 

12.88 

10 

23.21 

7117. 

8. 170 

70 

23.21 

0.39411+06 

12.88 

11 

27.06 

6622  . 

9.062 

71 

27.06 

0.39561+06 

12.89 

12 

31.55 

0.10388+05 

9.247 

72 

31.55 

0.39731+06 

12.89 

13 

36.78 

0.12428+05 

9.427 

73 

36.76 

0.39941+06 

12.90 

14 

42.88 

0.14818+05 

9.603 

74 

42.88 

0.40181+06 

12.90 

IS 

50.00 

0.17598+05 

9.775 

75 

50.00 

0.40451+06 

12.91 

16 

58.30 

0.20838+05 

9.944 

76 

58.30 

0.40781+06 

12.92 

17 

67.97 

0.24618+05 

10.11 

77 

67.97 

0.41161+06 

12.93 

18 

79.24 

0.29028+05 

10.28 

78 

79.24 

0.41601+06 

12.94 

19 

92.39 

0.34168+05 

10.44 

79 

92.39 

0.43111+06 

12.95 

20 

107.7 

0.401SB+05 

10.60 

80 

107.7 

0.42711+06 

12.96 

21 

125.6 

0.47148+05 

10.76 

81 

125.6 

0.43411+06 

12.98 

22 

146.4 

0.55288+05 

10.92 

82 

146.4 

0.44221+06 

13.00 

23 

170.7 

0.64788+05 

11.08 

83 

170.7 

0.45171+06 

13.02 

24 

199.1 

0.75858+03 

11.24 

84 

199.1 

0.46281+06 

13.05 

25 

232.1 

0.88738+05 

11.39 

85 

232.1 

0.47571+06 

13.07 

24 

270.6 

0.10388+06 

11.55 

86 

270.8 

0.49081+06 

.  13.10 

27 

315.5 

0.12148+06 

11.71 

87 

315.5 

0.50831+06 

13.14 

28 

367.8 

0.14188+06 

11.86 

83 

367.8 

0.52881+06 

13.18 

29 

428.8 

0.16578+06 

12.02 

89 

428.8 

0.55261+06 

13.22 

30 

900.0 

0.19358+06 

12.17 

90 

500.0 

0.58041+06 

13.27 

31 

428.8 

0.22138+06 

12.31 

91 

428.6 

0.60821+06 

13.32 

32 

367.1 

0.24518+06 

12.41 

92 

367.8 

0.63211+06 

13.36 

33 

315.5 

0.26568+06 

12.49 

93 

315.5 

0.65261+06 

13.39 

34 

270.6 

0.26318+06 

12.55 

94 

270.6 

0.67011+06 

13.42 

35 

232.1 

0.29828+06 

12.61 

95 

232.1 

0.68531+06 

13.44 

35 

199.1 

0.31118+01 

12.65 

96 

199.1 

0.69811+06 

13.46 

37 

170.7 

0.32228+06 

12.66 

97 

170.7 

0.7Q911+Q6 

13.47 

38 

146.4 

0. 33178+06 

12.71 

98 

146.4 

0.71861+06 

13.49 

39 

125.6 

'1.33968+06 

12.74 

99 

125.6 

0.72681+06 

13.50 

40 

107.7 

0,34668+06 

12.76 

100 

107.7 

0.73381+06 

13.51 

41 

92.39 

C. 35268+06 

12.77 

101 

92.39 

0.73971+06 

13.51 

42 

79.24 

0.35798+06 

12.79 

102 

79.24 

0.74491+06 

13.52 

43 

67.97 

0.36238+06 

12.80 

103 

67.97 

0.74931+06 

13.53 

44 

58.30 

0. 36618+06 

12.81 

104 

58,30 

0.75311+06 

13.53 

45 

50.00 

0.36948+06 

12.82 

105 

50.00 

0.75(31+06 

13.54 

46 

42.88 

0.37218+06 

12.83 

106 

42.81 

0.75911+06 

13.54 

47 

36.78 

0.37458+06 

12.83 

107 

36.78 

0.76151+01 

13.54 

48 

31.55 

0.37668+06 

12.84 

108 

31.55 

0.76358+06 

13.55 

49 

27.06 

0.37838+06 

12.84 

109 

27.06 

0.74531+06 

13.55 

50 

23.21 

0.37968+06 

12.85 

110 

23.21 

0.76(81+06 

13.55 

51 

19.91 

0 .36118+06 

12.89 

111 

19.91 

0.76811+06 

13.55 

52 

17.07 

0.36228+06 

12.85 

112 

17.07 

0.76921+06 

13.55 

S3 

14.64 

0.38328+06 

12.66 

113 

14.44 

0.77011+06 

13.55 

54 

12.36 

0.38408+06 

12.86 

114 

12.56 

0.77101+06 

13,54 

55 

10.77 

0.38478+06 

12.86 

115 

10.77 

0.77171+06 

13.56 

58 

9.239 

0.36938+06 

12.86 

116 

9.239 

0.77231+06 

13.94 

57 

7.924 

0.36588+06 

12.86 

117 

7.924 

0.77281+06 

11.86 

58 

6  .797 

0.38638+06 

12.86 

116 

4.797 

0.77321+06 

13.56 

59 

5.830 

0.36668+06 

12.87 

119 

5,630 

0.773(1+06 

13.54 

-vtf 

4 


% 

■7i 

•V 

W 

,5 


1 

jrrc. 


i 

• 

4 
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TABLE  A-l  (Cant’d) 


max 

rnc 

a 

too  a 

max 

mo 

a 

too  a 

120 

3.000 

0.77331*06 

13.56 

180 

3.000 

0.11611*07 

13.96 

121 

$.630 

0.77421406 

13.56 

181 

5.830 

0, 111.11*07 

13.96 

122 

1.797 

0.7746X406 

13.36 

182 

8.797 

0.11621*07 

13.97 

, 

123 

7.924 

0.7751X406 

13.36 

183 

7.924 

0.11621*07 

13.97 

124 

9.239 

0.7756X406 

13.56 

184 

9.239 

0.11631*07 

13.97 

• 

123 

10.77 

0.7762X406 

13.36 

185 

10.77 

0.1163X407 

13.97 

126 

12.36 

0.7769X406 

13.96 

186 

L2.56 

0.1164X407 

13.97 

127 

14.64 

0.7777X406 

13.96 

187 

14.64 

0. 3163X407 

13.97 

123 

17.07 

0.7786X406 

13.57 

188 

17  .07 

0.11661*07 

13.97 

% 

129 

19.91 

0.7797X406 

13.37 

189 

19.91 

0.11671*07 

13.97 

130 

23.21 

0.7810X406 

13.87 

190 

23.21 

0.11681*07 

13.97 

131 

27.06 

0.7823X406 

13.37 

191 

27.06 

0.11691*07 

13.97 

132 

31,35 

0.7643X406 

13.57 

192 

31.59 

0.11711*07 

13.97 

133 

36.76 

0.7863X406 

13.98 

193 

36.78 

0.11731*07 

13.98 

134 

42.86 

0.7887X406 

13.31 

194 

42.88 

0.11761*07 

13.98 

139 

30.00 

0.7919X406 

13.38 

195 

50.00 

0.11781*07 

13.98 

136 

98.30 

0.7947X406 

13.39 

196 

98.30 

0.11821*07 

13.98 

| 

137 

67.97 

0.7983X406 

13.99 

197 

67.97 

0.1185X407 

13.99 

138 

79.24 

0.8029X406 

13.60 

198 

79.24 

0.11901*07 

13.99 

j 

139 

92.39 

0.8081X406 

13.60 

199 

92.39 

0.11951*07 

13.99 

140 

107.7 

0.8141X406 

13.61 

200 

107.7 

0.1201X407 

14.00 

'] 

141 

129.6 

0.8210X406 

13.62 

201 

123.6 

0.12081*07 

14.00 

s 

142 

146.4 

0.8292X406 

13.63 

202 

146.4 

0.12168*07 

14.01 

143 

170.7 

0.8387X406 

13.64 

203 

170.7 

0.12261*07 

14.02 

144 

199.1 

0.8498X406 

13.63 

204 

199.1 

0.12371*07 

14.03 

j 

143 

232.1 

0.8627X406 

13.67 

205 

232,1 

0.12501*07 

14.04 

=( 

146 

270.6 

0.8777X406 

13.69 

206 

270.6 

0.12651*07 

14.05 

147 

313.9 

0.8933X406 

13.70 

207 

315.3 

0.12821*07 

14.06 

1 

148 

367.8 

0.9157X406 

13.73 

208 

367.8 

0.13031*07 

14.08 

149 

420.9 

0.9396X406 

13.73 

209 

428.8 

0.1327X407 

14.10 

i 

ISO 

131 

132 

193 

194 

199 

196 

197 

193 

199 

160 

161 

162 

163 

164 

169 

146 

167 

168 

169 

170 

171 

172 

173 

174 

179 

176 

177 

178 

179 

900.0 

428.8 

367.8 

319.9 

270.6 

232.1 

199.1 

170.7 
146.4 

123.6 

107.7 
92.39 
79.24 
67.97 
38.30 
90.00 
42.68 
36.78 
31.93 
27.04 
23.21 
19.91 
17.07 
14.54 
12,96 
10,77 
9.239 
7.924 
4.797 
$.830 

0.96741406 

0.9932X406 

0.1019X407 

0.1040X407 

0.1097X407 

0.1072X407 

0.1083X407 

0.1098X407 

0.1106X407 

0.1114X407 

0.1121X407 

0.1127X407 

0.1132X407 

0.1136X407 

0.1140X407 

0.1143X407 

0.1146X407 

0.1148X407 

0.1150X407 

0.1132X407 

0.HS4X407 

0.1153X407 

0.1156X407 

0.1137X407 

0,1158X407 

0.  J  ',99X407 
0... *59X407 
0.1160X407 
0.1160**07 
0.1161X407 

13.76 

13.61 

13.63 

13.69 

13.17 

13.69 

13.90 

13.91 

13.92 

13.92 

13.93 

13.93 

13.94 

13.94 

13.95 
13.99 

13.95 

13.95 

13.96 

33.96 

13.96 
13.96 
13.96 
13.96 
13.96 
13.96 
13.96 
13.96 
13.96 
13.96 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

228 

230 

231 

212 

233 

234 

235 

236 

237 

238 

239 

300. 0 

423.8 

367.8 

313.5 

270.6 

232.1 

199.1 

170.7 
146.4 

125.6 

107.7 
92.39 
79.24 

67.97 
58.30 
50.00 

42.98 
36.78 
31.35 
27.01 
23.21 
19.91 
17.07 
14.64 
12.56 
10.77 

9  ,  239 
7.924 
6.797 
3.830 

0.13541*07 
0.1382X407 
0.14061*07 
0.14261*07 
0.14441*07 
0.14  59X407 
0.14721*07 
0.14831*07 
0.14938*07 
0,15011*07 
0.1508X407 
0.1314X407 
0.1519X407 

0 . 15231*07 
0.1527X407 

0  153011*07 
0.1533X407 
0.1535X407 
0.1537X407 
0.1539X407 
0.13418*07 
0.1342S*07 
0.1543**07 

0 .15441*07 
0.15451*07 
0.154  68+  0  7 
0.1546X407 
0.15471*07 
0.1547E407 
0.1547K*07 

14.12 

14.14 

14.16 

14.17 

14.18 

14.19 

14.20 

14.21 

14.22 

14.22 

14.23 

14.23 

14.23 

14.24 

14.24 

14.24 

14.24 

14.24 

14.25 

14.25 

14.25 

14.23 

14.23 

14.23 

14 .23 

14.25 

14.25 

14.25 

14.25 

14.25 

240 

3.000 

0.15488*07 

14.25 
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APPENDIX  B.  -  HDL  MECHANICAL  INSPECTION  FACILITY. 

The  meehanieal  inspection  facility  provides  a  dimensional  inspection  capability  for  making  intricate, 
precise  measurements  of  component  parts  and  assemblies,  whether  made  in-house  or  by  outside 
contractors.  Services  are  furnished  to  the  Industrial  Engineering  Group  by  first-article  sampling  testing 
and  government  acceptance  gage  calibration,  and  to  the  Calibration  and  Standards  Branch  by  calibration 
of  measurement  instruments.  Accuracy  of  measurement  is  ensured  by  the  use  of  high-precision, 
computer-assisted  electronic  measuring  equipment.  All  measuring  equipment  is  calibrated  on  a  regular 
scheduled  basic  by  comparison  to  primary  standards,  traceable  to  the  U.S.  National  Bureau  of 
Standards. 


y  yg-MO fl 
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Figure  B-l.  HDL  Mechanical  Inspection  Facility- 


Major  items  of  inspection  equipment  and  their 
capabilities  are  as  follows. 

•  Coordinate  measuring  machine;  three  axis 
Capacity,  30  in.  X  axis,  20  in.  Y  axis,  16  in. 
Z  axis,  Accuracy,  0.0002  in.;  Resolution, 
0.0001  in. 


•  Optical  depth  gage 

Capacity,  10  in.  in  1  in.  increments; 
Accuracy,  0.000050  in. 

•  Toolmakers’  microscope 

Digital  readout,  0.0001  in.;  Resolution; 
Magnification,  50:1 


•  Coordinate  measuring  machine;  three  axis 
Capacity,  24  in.  X  axis,  18  in.  Y  axis,  8  in.  Z 
axis,  Accuracy,  0.0005  in.;  Resolution, 
0.0001  in. 

«  Viewing  screen  scope,  coordinate  measuring 
machine  attachment,  Magnification,  10:1 
and  20:1 

•  30  in.  Optical  contour  projector 

Digital  readout,  0.000 1  in.  Resolution; 
Magnification,  10X  to  100X 

•  14  in.  Optical  contour  projector 
Micrometer  readout,  0.0001  in.  Resolution; 
Magnification,  10X  to  100X 

•  Profilometer,  linear  surface  measurement 
RMS,  0,003  in.,  0.010  in.,  0.030  in.  cutoff 
selector 


•  linear  measuring  machine 
Accuracy,  0,000010  in. 

•  Supermicrometer  P&W 
Accuracy,  0,0001  in. 


a  Internal-external  measuring  machine 
Capacity  —  internal,  0,125  to  12  in.;  ex¬ 
ternal,  0  to  10  in.;  Accuracy,  0.000001  in, 


•  Concentricity  and  surface  analyzer 

Roundness  responses,  0  to  15,  50,  150,  or 
500  CPR  average  roughness;  Width  cutoff, 
0,003,  0.010,  0,030  in.;  tracing,  0,005  in, 
per  s;  MM  switching,  0.05,  0.21,  and  0.53 
mm;  tracing,  0.105  mm/s;  Accuracy, 
0,0000025  in, 
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a  Hardness  tester,  Rockwell 
Hardened  steel  and  hard  alloys 

•  Hardness  tester,  Rockwell  superficial 
Unhardened  steel,  soft  tempered  steel,  grey 
and  malleable  cast  iron,  nonferrous  metals 

a  Optical  dividing  head 
Accuracy,  2  s  of  arc 


a  Spring  precision  load  testers 
Compression  and  tension 

a  Electronic  height  comparison  gage 
Accuracy,  0.00001  in. 

a  Gage  Blocks,  Class  AAA 

Calibration  traceable  to  the  U.S.  National 
Bureau  of  Standards 


.  t  -  _  -  r  •—  i .  — ~t-~~  |i i — |  |  i )  inn  i  ip  ■  M  i^inaas>a  J  ■  t’..  '  *! 
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APPENDIX  C.—  MANUFACTURER’S  SPECIFICATION  SHEETS. 

The  manufacturer’s  specification  sheets  for  the  triaxial  accelerometer  and  the  strain  gage  are 
contained  in  this  ap- «endix. 
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APPENDIX  C-I.  -  MANUFACTURER’S  PRODUCT  DATA  SHEET 


MODEL  23 


850  milligram 
Microminiature 


PICOTRIAX” 

ACCELEROMETER 


Mounted  Resonance 
Frequency 

50  000  Hi  nominal 

Transverse  Sensitivity 

6%  maximum 

Amplitude  Linearity, 
Range 

Sensitivity  incrieiei)  approximately  1% 
per  250  pk  p,  0  to  2000  g 

Zero  Shift' 

\%  of  reading  per  1000  g  approxi¬ 
mately;  0  to  2000  Q, 

ELICTRICAL  (each  axle) 

Transducer  Capacitance 

230  pF  nominal,  Includlh ;  B-lnoh  3003 
cable  aieembly 

Resistance 

2000  Mil  minimum,  at  72'  r-  (22  C); 

100  MW  minimum,  at  350'  .  M77  C) 

Grounding 

All  three  signal  grounds  common  lo  oaso, 
i  i«rd  anodize  provides  Insulation  on  the 
i,  juntlng  surface. 

Ineuletlon  Resletenoo' 

too  MU  minimum  at  50  V  do 

Insulation  Cepacltetioe' 

SO  oF  nominal 

'UM  Bndayco*  Model  M4c.  2MO  or  »70t  Sanai  Gharga  Ampliliari 
•wan  B-inch  3003  cubic  aavambly  «rnu  30W&A  iablt»  aauuntbly 

•In  shock  mtakLiramunlft,  pulic  duration  for  mitl-mm*  nr  Inntiflulitt  puluc#  ai.ouid 
t?*amd  0  10  mi  to  nvmri  RRcaiuva  high  'rtguuncy  ringing.  Ba«  Endavoo*  Pmo 
alwolrlu  AccnlurnmulMf  Muituul 

‘Tampnrary  x«rv  ahilti  may  b«  nit  •  ..d  by  shook  3uuh  ultilla  will  'vault  in 
•rronauua  data  il  tha  atynal  t«  alcnlrohically  intagratmi  lu  obtain  volacity  0' 
duplaoamvm  information 

‘Signal  ground!  (caav)  In  mounting  aurfacu 

General  Description 

The  Endevco*  Modal  23  Is  an  extremely  small,  idheelve  mounted 
trl«Klal  acoalsromatsr.  Thraa  piezoelectric  Iranaduoara  ara 
mounlad  In  mutually  perpendicular  ease  to  provide  a  response  to 
motion  In  any  direction.  The  small  maaa  of  the  Model  23  allows 
It  Is  measure  the  vibration  characteristics  of  small  lest  specimens 
or  llelilwalght,  thin  structures,  reducing  effectively  any  loading 
effects. 

Featuring  a  broad  frequency  response  and  wide  range  of  'smpera- 
ture,  the  accelerometer  also  provides  excellent  meohanlcal  Isola¬ 
tion  from  case  end  cable  strain,  and  low  pyroelactrlc  sensitivity, 
Three  low-noise,  flc'd-replacaeble  oablus  exit  from  a  single  faoe 
of  the  transducer,  'hey  share  a  common  connection  with  the 
case  to  provide  a  shield  for  the  three  sensing  elemenls.  The  case 
Is  Insulated  from  the  mounting  struoture  by  a  hard  anodised  sur¬ 
face.  II  any  axis  Is  damaged  In  use  or  handling,  It  oan  be  replaced 
by  the  faotory, 

Speelfleatlone  lor  Modal  21  Accelerometer 

(According  to  ANGI  and  IS*  L'landardt) 

DYNAMIC  (each  axil) 

Charge  Sensitivity' 

Voltage  Sensitivity' 

Frequency  Ret,  ones 
(charge)' 


u.-l  pC/g,  nominal;  0.3  pC/g,  minimum 
1,6  mWg,  nominal 

v5%  nominal,  -9%,  I  7%  maximum, 
5  to  10000  Hx,  reference  too  Ht. 


TYPICAL  TEMPERATURE  RESPONSE 


"F  -100  0  n  1E0  260  3W 

-c  -13  IB  n  86  131  1 11 

Temperature 


The  solid  curve  shown  the  nominal 
charge -temperature  respontio.  Tho 
broken  line  showe  the  nominal  voltaga- 
temporature  response  with  the  6  Inch 
cable  and  300  pF  external  capacitance. 


TYPICAL  FREQUENCY  RESPONSE 


The  solid  curve  shows  the  typical  charge- 
frequency  response  ol  tho  Model  23-  Tho 
brnkon  lino  snows  the  nominal  voltage- 
frequency  response  with  350  megohm 
load  and  cable  ub  Huppliod. 


s  10  100  1000  10000 

Frequency  -  m 
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APPENDIX  C- 1 .  MANUFACTURER’S  PRODUCT  DATA  SHEET(conl'd) 


SKA  NO. 

o 

XXXX 

KID 

WHr 


m 


Polarity  Ponlivt  olIdji  lor  motion  in 
OlroGlion  ol  oirowo. 

Dimoimom  m  inchoa  anO  (millimeter*), 
toll, moo  XX  (X,X)  ••  10  03  in.  (IC  tmm) 

XXX  (X  XX)  -  room  in.  (10.at  mm) 


PHYSICAL 

Design 

Weight 


Cryam  Malarial 
Out  Mali  rid 
Caaa  Flnlih 
Mounting 

Gonneetore 

Cab  la* 


Aociaaorlaa  Supplied 


Accessorial  Availabla 


ENVIRONMENTAL 

Aaoalarallon  Llmlta' 
Tamparaiura 


Ban  Strain  Sanailivlty 


Shear 


830  milligram  nominal,  without  cabin t 
1.7  grama  milligram  nominal,  with  3  aach 
e  Inoh  ( 1 5  cm)  cable 
Pieiite"  Type  P-a 


Magnatlc  Sanailivlty 
Aoouallc  Sanailivlty 


O.OOS  equivalent  g  nominal  gar  a  atraln 

0.0009  aqulvatant  g  par  gauaa  nominal  at 
100gauaa(10  '  T),  60  Hi 
0,001  aquivalanl  g  approximately,  at  140 
dB*  SPL 


Aluminum  Alloy 
Hard  Anodlia 


Adhaalva.  Uaa  18000  Acuxlaromeler  Ra- 
moval  Tool,  provldad, 

Spaolal  connaotora  mala  with  3003  Cabla 
Aaaambly. 

Replaueabla  Coaxial  Cabla  Aaaambly, 
Modal  300341,  8  Inohaa  (13  cm)  long, 
CRE8  ahaath  with  Kaplan*  polylmlaa 
lackal,  44  pF  nominal, 


Humidity  Scaled  with  allloone  compound.  Taata  In¬ 

dicate  43-hour  protection  acalnal  97% 
RH  at  140*F, 

Attitude  Hot  allot) ted. 


‘CAUTION  Removal  of  u«bl«  will  •upon  acealatumalar  la  wwiusnmaM  Um 
manual  (or  ramuval  initrutitiuiia 

'Whtn  lubjacitd  io  high  a,  low  fraquaniy  vibr#tloh.  Ih«  oablta  mutt  b*  ti*tJ 
down  ••  clot*  to  Iht  accalarorvaUt  n  poanblw  to  pravoAt  nabla  whip  and 
•vantuat  cabla  Uilutu 


fnraa  aach  Modal  3096A-72  Low  Nolaa 
Coaxial  Cabla  Aaaambly,  8  ft.  ( 1 ,8m)  long, 
180  pF  nominal,  with  mating  connector 
lor  3003  aaaambly  ana  and,  10-3!  plug 
on  the  other  and. 

18080  Aocalaromatar  and  Cabla  Removal 
Tool 

Modal  3000A  Low  Nolle  Exlanilon  Cabla 
Aaaambllai 

Modal  EJ34  Adapter,  )ome  two  10  33  co¬ 
axial  pluga 

Modal  3093-12  Cabla  Aaaembly,  almllar 
to  Modal  3099  axcapt  12  Inchai  (0,3  ml 
tong,  and  with  10-32  aocXal  connector. 

10,000  g  In  any  direction 
Operating;  -100*F  to  300"F 

(-7J*C  to  190*0 
Maximum;  -1B0*F  to  S80T 

[-101*0  to  t77*C) 


•Whil*  I>m»,  rs  la  MOD  Hi  0  11  -  0  000!  n-lutobai  'My  N/m>  (Ml 


Conhnutd  ptotfuct  -  nprovamani  naoaatiltlaa  that  Cudavt:#  raaarva  th«  t iglit  to 
modify  thaaa  apacificaliona  without  nolle* 


RELIABILITY:  Endavco  malntalna  a  program  ot  constant  survell- 
lanca  over  all  producta  Ic  anaura  a  high  level  o I  reliability.  Thla 
prograi.  Include*  attention  to  reliability  taotora  during  product 
dfilgn,  Iht  auppott  of  atrlnganl  Quality  Control  requirement!,  and 
compuliory  cor-actlva  action  prooaourai,  Thaie  meaiure*.  to¬ 
gether  with  conaervatlvt  •panllloatlone,  hav*  made  the  name 
Endavco  aynonymoui  with  rallablllty. 

CALIBRATION:  Each  axle  la  oallbraled  at  room  tamparaiura  lor 
charge  lanillivlly  ai  100  Hi,  capacitance  ol  tranaduenr  and  cabla, 
maximum  tranivaraa  aaniltivtty,  and  charge  frequency  raaponaa 
Irom  20  Hi  to  4900  Hi.  Other  cellbratloni  >uch  aa  Tamparaiura 
Raiponaa  at  -100"F  (  —  730.  rpom  tamparaiura,  230"F  (121 '  C), 
and  380* F  (177  0)  era  availabla  on  special  ordar.  Saa  Calibration 
Sarvlct  Bulletin  No,  301. 


BNDIVCO 


MANCHn  VI*  JO  MOAO  BAN  JUAN  CAMSTRAMO  CA  BO BTO  TELEFN  CJNt  1 7V4)  403  U«1 

AUANTAdAbRALriMOM  MO«c*MGAOO.  (U*tUVtDH.OH»I  >«U»»WIC4Hy  a  HOUalOSM*  HO*  CAaMAHUANHaMLO Al TO^CA.PWAWCJ »*MO<N»UW4TIOa*«OPOM 

W  OIRMANV* AMTRAIIA >  CANADA  •  f  IMIAMP*  iMOlA*  ITAIV 4  JAPAN*  MAlArilA*  WIUCO  •  NITMim.A«D*«NOAWAr9|  AMHCA8MAlR*«W4t«Hj.AWD»TAIWAN*D  ft  •  R 

M9B  Ilf  8*4  lail  lllllNHH  MMOtM  04  «C  70A  *<!•»*  0*4  BN  C048MHV  IE  MWI8HWA 
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APPENDIX  C-2.  STRAIN  GAGE  MANUFACTURER’S  SPECIFICATION  SHEET. 

Entran  Devices,  Inc.  “M1" 

M  l«riM  SaaUeonductor  Strain  Gages 

Tha  es  8«riaa  S sad  conductor  strain  Sagas  art  aval labia  in  both  straight  “Ser" 
and  "U"  typa  eonf iguratlona .  Thay  ara  fabrloatad  from  P-Typa  silicon  and 
daslgnad  to  afford  maximal  flexibility  with  minimal  stiffanlng  to  tha  oparating 
system.  bass  than  .0005“  thick,  tha  KS  typa  gagas  ara  avallabla  In  activa  gaga 
langths  as  stall  as  0.020"  with  an  ovarall  langth  of  0.040".  Tha  KS  strain 
gagsc  oparata  from  -100 °r  to  +S00°F  and  will  withstand  a  strain  level  of  2000 
sdora-strain  without  danaga. 

Entran  will  apply  tha  KS  gagaa  to  your  prototypa  or  OBM  parts  in  any  configu¬ 
ration  tram  standard  two  or  four  am  Wheatstone  bridgas  to  custosi  spaoifiad 
arrangements.  Araaa  as  mall  as  1/S"  in  diameter  can  ba  gagod  with  a  fully 
sotiva  four  arm  bridge,  with  constant  voltaga  or  constant  currant  aneitation, 
input  strain  oan  ba  diraotly  oonvartad  to  a  millivolt  output.  Tharmal  saro 
shifts  and  tharmal  sensitivity  shifts  oan  bo  oowponsatmd  to  spool ficatlona  as 
tight  as  0.01«/°r  ovar  any  operating  ranga.  Entran  oan  individually  tailor 
tharmal  compensation  to  oach  unit  or  systssi  and  supply  tha  associated  compen¬ 
sation  circuitry  in  an  external  module  or  integral  with  tha  systam. 

specifications  for  tha  IS  Seriaa  Semiconductor  strain  Gagas  are  liatad  on  the 
reverse  aide  of  this  bulletin.  For  additional  information  or  specific 
quotations,  contact  Entran  directly. 


INKS  NMl,  m.  STEM 

<*1)1 
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APPENDIX  C-2.  STRAIN  GAGE  MANUFACTURERS  SPECIFICATION  SHEET.  (Coin’d) 


NOMINAL 

MODEL  NO.  RES X STANCE 

o.r. 

OAOE 

ACTIVE 

GAGE 

"A" 

TOTAL 

"S" 

WIDTH  TYP* 

OHMS 

f ACTOR 

LENGTH 

LENGTH 

B 

ESS-020- 120 

120 

*140 

0.020" 

0.040" 

0.010"  P 

i 

a 

ESS-020-200 

200 

♦110 

0.020" 

0.040" 

0.000"  P 

f 

ESU-02S-900 

soo 

♦13S 

0.025" 

O.OSO" 

0.014"  P 

-* 

ESU-030-XSO0 

500 

♦140 

0.030" 

0.040" 

0.020"  P 

1 

) 

ESU- 0)0-500 

SOO 

♦12S 

0.030" 

0.000" 

0.014"  P 

) 

ESU-010-R1000 

1000 

♦1SS 

0.030" 

0.000" 

0.020"  P 

4 

ESI-050-130 

120 

♦110 

0.0S0" 

0.000" 

0.000"  P 

! 

ESS-050-500 

SOO 

♦14S 

O.OSO" 

O.OSO" 

0.000"  P 

Ess-iso-xao 

120 

♦120 

0.140" 

0.250" 

0.020"  P 

v 

t 

1 

ESS- ISO- ISO 

3S0 

♦13S 

0.140" 

0.250" 

0.000"  P 

!? 

( 

'i 

•V 

$ 

ESU-1S0-3S0 

390 

♦120 

0.140" 

0.225" 

0.024"  P 

ESS- 1*0-1000 

1000 

♦140 

0.140" 

0.250" 

0.000  P 

ESS 

gpp-jsa 

020 

BSE  CODE 

m 

200 

'A 

i 

Configuration 


Aetiva  Oagaa  Length 

X  .001" 


Raaiatanea 


'III"  Typa 


•**U"  Typa 


GAGE  TYPE i 
THICMEAli 
WATT AO E  SATXNOi 
MAXIMUM  fTAAXMi 
LEAS  WIRE) 
Available  ini 


n-Typa  lilieon 
0.0005"  no*. 

40  m 

3000  Micro-Strain 

QoXd  or  actuivaiant 

Matched  aata  of  four  gagaa  end  OEM 

unawtchad  quantity  pricing. 


Contact  Entran  for  epecific  quotation. 


. . . . . 1 . mm . •  ini  -nr-nrmii  nr  rTTrnr1  I'  I""'  'I - 
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AMPEX  TAPE  RECORDER 
CEC  RECORDING  OSCILLOGRAPH 
HONEYWELL  GALVANOMETER  AMPLIFIER 
HP  AMPLIFIER  465A 
GULTON  TIMER 

KEITHLEY  102B  DECADE  ISOLATION  AMPLIFIER 
KEITHLEY  102B  DECADE  ISOLATION  AMPLIFIER 
HP  427  AC-DC  VM 


HDL  38662 
HDL  30280 
DOFL  17407,  17406 
HDL  34987 
HDL  36915 
HDL  28477 
HDL  28476 
HDL  39412 


LING  SHAKER 

ENDEVCO  CHARGE  AMPLIFIER  2730 
ENDEVCO  SHOCK  AMPLIFIER  2718A 
ENDEVCO  SHOCK  AMPLIFIER  2718A 
ENDEVCO  SHOCK  AMPLIFIER  2718A 
KEITHLEY  102B  DECADE  ISOLATION  AMPLIFIER 
HP  6206B  DC  POWER  SUPPLY 
GOULD  (BRUSH)  PAPER  TAPE  RECORDER 
BALIANTINF,  PRECISION  CALIBRATOR 
HP  ELECTRONIC  COUNTER  5212A 
KEITHLEY  102B  DECADE  ISOLATION  AMPLIFIER 
KEITHLEY  102B  DECADE  ISOLATION  AMPLIFIER 


HDL  29973 
HDL  34214 
HDL  26675 
HDL  22690 

HDL  34109 
HDL  24891 
HDL  25307 
DOFL  21384 
DOFL  16758 
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ANALYSIS  OF  WEAR  ON  ARMING  TIMERS, 
BY  LAWRENCE  P.  McGINNIS 
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D-I.  FIRST  ANALYSIS  -  18  FEBRUARY  1977 

At  the  Hairy  Diamond  Laboratories  (HDL) 
former  site  in  Washington,  D.C.,  the  wear  of  the 
timers  was  measured  by  washing  them  in  methanol, 
acetone,  and,  if  necessary,  in  benzene,  The  wash 
liquids  were  passed  through  a  weighed  filter  paper. 
The  paper  was  placed  in  a  constant  humidity 
desiccator  and  then  reweighed  —  the  difference 
being  the  weight  of  the  metal  particles  of  wear  from 
the  timer.  The  filter  paper  was  quite  sensitive  to  the 
relative  humidity  (RH)  of  the  room,  and  its  weight 
changed  greatly.  The  method  was  not  workable. 

Samples  F-l  to  F-8  were  run  as  above.  The 
metal  collected  was  less  than  the  weight  change  in 
the  paper.  The  residue  was  checked  by  use  of  a 
microscope,  but  no  conclusion  was  reached. 

Sample  F-9  was  run  by  itself.  On  this  sample,  a 
blank  was  used.  In  addition,  the  paper  (test  and 
blank)  was  weighed  several  times  over  a  week,  and 
an  average  “empty"  weight  was  taken,  The  run  was 
made  as  above,  and  again  the  weight  was  taken 
over  several  days  and  averaged,  By  this  method,  a 
residue  weight  of  0.0076  g  was  achieved.  This 
weight  was,  however,  not  considered  satisfactory. 

On  sample  F-10,  the  spent  liquid  was  decanted 
slowly  into  another  beaker,  and  the  timer  was 
washed  with  methyl  alcohol,  acetone,  etc,  The 
washings  were  set  aside.  All  the  residue  was 
washed  off  with  methyl  alcohol  into  a  weighed 
crucible;  then  the  residue  wua  dried  end  weighed. 
The  washings  were  passed  through  a  No.  42  filter 
paper  that  hud  been  treated  as  in  the  F-9  sample  so 
that  very  fine  particles  in  suspension  could  be 
caught.  The  residue  in  the  crucible  was  0.0068  g 
and  on  the  paper,  0,0028,  making  u  total  of  0,0096 
g.  At  present,  this  is  the  best  method  to  use, 

Since  other  samples  will  most  likely  be  processed 
in  the  same  way,  the  condition  of  the  new  building 
at  the  HDL  Adelphi,  MD,  site  hue  been  cheeked, 
The  RH  of  the  room  is  quite  constant  —  about 
20  percent.  A  large  desiccator  has  been  set  up  with 
Ha  SO.j-H.jOso  that  ut  24  C,  the  RH  is  20  percent. 
This  is  close  to  the  RH  of  the  room, 


D-2.  ANALYSIS  OF  AS-DELIVERED  TIMERS  — 
31  JANUARY  1978 

Three  “a»-deliv^red”  timers  (F-38,  F-48,  F-58) 
were  analyzed  with  n.e  recommended  procedures 
that  had  been  used  on  other  timers, 

The  purity  of  the  timers  was  in  question.  They 
had  'been  handled,  examined,  dismantled,  and 
reassembled,  They  were  not  subjected  to  the  TV 
test. 

The  impurity  of  the  timers  is  shown  in  table 
D- 1 .  The  closer  the  net  resultB  are  to  zero,  the  purer 
are  the  timers.  The  gross  loss  is  several  milligrams. 
The  total  particles  are  about  1.5  mg,  leaving  a 
discrepancy  of  about  5.5  mg  —  here  called  “oil.” 
The  coarse  particles  are  dirt.  Examination  with  a 
magnifying  gloss  shows  some  very  fine  pieces  of 
fiber,  as  if  from  a  brush.  No  metal  particles  were 
found.  Organic  dirt  may  be  present,  since  after 
cleaning,  the  parts  seemed  a  little  brighter.  This 
visual  observation  could  not  he  checked.  This  fine 
dirt  could  have  been  carried  over  into  the  fine 
particlen  or,  if  soluble,  burned  off  and  counted  as 
oil. 

In  reporting  the  results,  blanks  are  not  given- 
only  the  net  results.  The  blanks  are  reported  here 
to  emphasize  the  result  of  improper  handling  of  the 
timers,  The  blanks  show  the  amount  of  Impurities 
that  are  picked  up  from  the  reagents  or  from  the 
improper  handling  of  the  solution  in  the  analysis, 
The  not  resultB  in  this  case,  since  these  timers  are 
considered  to  have  arrived  "pure.”  show  the 
amount  of  impurities  that  the  timers  picked  up  in 
the  prehundling  (amount  of  contamination  caused 
by  human  contact).  Since  the  timers  are  washed  in 
solvent  with  a  brush  (not  scraped),  it  would  not  be 
harmful  to  have  the  visual  inspection  after  the 
analysis.  This  would  produce  better  results.  There¬ 
fore,  the  recommended  procedure  is  to  analyze  the 
timers  without  prior  handling, 

D-3.  ONE  METHOD  OF  ANALYSES  USED 
ON  ARMINE  TIMERS 

The  arming  timers  are  analyzed  for  metal  parti¬ 
cles  to  determine  the  amount  of  weur  caused  by  the 
transportation  vibration  (TV)  test.  In  this  analysis, 


67 


FttOKBUB 


fgM  nu» 


APPENDIX  D 


Table  D-l,  Virgin  Arming  Timer*  (All  weights  in  grama) 


Analysis 

F-38 

Timer  No. 

F-48  F-58 

Blank 

Timer  dried  (70  C) 

59.9836 

60,1101 

60.2251 

Timer  washed  in  solvent 

59.9773 

60,0982 

60.2168 

Gross  lost 

0.0058 

0.0119 

0.0083 

Beaker  empty 

12.6503 

13.6220 

13,6210 

13.4508 

Beaker  and  residue 

12.6520 

13.6242 

13,6234 

13.4515 

Grose  large  particle 

0,0017 

0.0022 

0,0024 

0.0007 

Blank 

0,0007 

0.0007 

0.0007 

Large  particles 

0,0010 

0.0015 

00017 

Crucible  empty 

10,8659 

10.3725 

10,4391 

10.8084 

Crucible  full 

10,8671 

10,3736 

10.4403 

10.8093 

Grose  flnei 

0.0012 

0,0011 

0.0012 

0.0009 

Blank 

0.0009 

0,0009 

0,0009 

Fines 

0,0003 

0,0002 

0.0003 

large  particles  (above) 

0.0010 

0.0015 

0.0017 

Total  particles 

0.0013 

0,0017 

0.0020 

Gross  loss  (above) 

0.0058 

0,0119 

0.0083 

Total  particles  (above) 

0,0013 

0.0017 

0.0020 

Difference  “olT 

0.0045 

0.0102 

0,0063 

it  ia  expected  that  general  analytical  care  and 
techniques  are  to  be  used  as  outlined  in  any 
analytical  test.1'1 

The  balance  used  is  of  the  analytical  type.  It 
should  be  accurate  enough  to  duplicate  weighings 
to  ±  0. 1  mg.  This  balance  should  have  a  capacity  of 
200  g.  Items  to  be  weighed  arc  not  touched  with  the 
fingers  -  tonga  nre  used,  since  fingerprints  have 
weight. 

The  desiccator  used  should  be  airtight  and 
charged  with  a  good  desiccant  such  as  '‘Dried  te,” 

All  glass  and  porcelain  used  are  to  be  “chem¬ 
ically  clean”  and  free  from  scratches.  They  are  to 
be  washed  in  any  good  detergent,  rinsed  well  with 


tap  water,  and  then  waahed  with  a  sulfuric  acid 
dichromate  solution *  (use  care  because  this  solu¬ 
tion  is  very  corrosive  and  will  attack  clothing  and 
skin).  Rinse  thoroughly  (8  or  10  times)  with  lap 
water,  then  with  distilled  water.  3  times.  (Rinsing 
many  times  with  small  quantities  uf  distilled  water 
is  more  efficient  than  fewer  rinses  with  larger 
quantities).  Turn  upside  down  on  a  towel  to  drain, 
If  in  a  hurry,  rinse  again  in  ethyl  alcohol,  drip  dry, 
and  place  in  an  oven  at  1 10  C.  A  beuker  so  treated 
should  show  no  droplets  when  wet.  If  it  does  show 
droplets,  it  is  not  clean  and  must  be  cleaned  again. 
Thu  most  convenient  beaker  rises  are  20, 250,  und 
tall  400  ml.  The  20-mi  beakers  are  used  at 
crucibles;  hence  they  get  special  treatment.*  They 
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are  to  be  marked  bo  that  the  markings  will  not  come 
off.  (For  example,  their  etched  areas  can  be  alter¬ 
nately  marked  with  a  No,  4  pencil  and  wiped  off.) 
Place  the  beakers  in  a  muffle  oven  at  a  temperature 
within  the  range  of  250  to  300  C.  When  in  the 
muffle,  cover  with  a  lid.  After  about  an  hour, 
remove  and  place  in  a  desiccator  to  cool.  When 
cool,  weigh.  Repeat  until  the  weighings  are  within 
0.1  mg  of  each  other. 

Cnor’s  porcelain  No.  0  is  the  best  size  crucible  to 
use.  The  crucibles  are  to  be  washed  in  a  detergent, 
then  boiled  in  a  1 : 1  solution  of  hydrochloric  acid, 
rinsed  with  tap  water,  then  with  distilled  water,  and 
fired  over  a  Maker  burner  or  in  a  muffle  furnace  at 
—800  C  for  —.1  hour.  Remove  and  place  in  a 
desiccator  and  let  cool  for  about  an  hour,  Repeat 
the  heating  and  cooling  until  the  weights  are  within 
0.1  mg  of  each  other. 

The  solvents  aallod  for  ore  to  be  of  American 
Chemical  Society  type  —  that  is,  the  kind  or 
quality  used  in  analytical  chemistry.  The  three 
used  are  methanol,  benzene,  and  acetone;  when 
called  for,  distilled  water  is  used.  There  may  be 
some  criticism  of  the  use  of  benzene  since  it  is  u 
health  hazard.  However,  all  the  solvents  should  be 
used  in  a  hood.  When  not  in  a  hood,  the  beakers 
should  be  covered  with  Saran “  wrap  held  in  place 
with  a  rubber  band.  With  the  hood  and  the  Saran 
there  should  be  no  danger.  The  benzene  should  not 
be  omitted,  since  it  is  an  excellent  grease  dissolver 
and  it  can  be  obtained  In  a  very  pure  form. 

The  timers  me  placed  in  a  drying  oven  at  a 
reasonably  low  temperature.  The  author  used  70 
C.  This  removes  any  moisture  that  may  be  present 
and,  at  the  same  time,  does  not  decompose  ’’  3  oil 
on  the  bearings.  After  about  1  hour,  the  timers  are 
transferred  to  the  desiccator.  Let  cool  1  hour,  then 
weigh.  Repeat  the  heating  and  cuoling  until  con¬ 
stant  weight  (0,2  mg)  is  obtained,  Because  a  timer 
could  damage  the  balance  pan  or  knifa  edges  if  it  is 
accidentally  dropped  (its  weight  U  about  60  g),  it 
should  be  handled  by  hand  rather  than  with  a  pair 
of  tongs,  A  Anger  cot  or  a  piece  of  dean  paper  could 
be  used  in  transferring  the  timer  from  the  desic¬ 
cator  to  the  balance  to  avoid  the  addition  of  oil  or 
pcrspiiation  from  the  fingers. 


The  timer  can  now  be  taken  apart  with  the 
fingers.  The  lida  can  cosily  be  taken  off  with  a 
pocket  knife.  Because  some  of  the  small  springs 
could  easily  be  lost,  it  is  best  to  take  the  timer  apart 
in  a  box.  Separate  the  parts  carefully  and  place 
them  in  a  250-ml  beaker.  The  parts  are  now 
covered  with  methanol  and  allowed  to  stand  for  1  to 
2  hours;  the  mixture  should  be  stirred  several 
times.  Since  this  might  be  a  convenient  place  to 
stop,  the  mixture  could  be  left  overnight,  but  the 
beaker  should  be  covered  with  Saran. 

The  methanol,  along  with  any  loose  particles,  is 
drained  into  a  tall  400-ml  beaker,  The  dummy 
primer  is  not  removed,  as  it  will  be  harmed  by  the 
other  solvents,  Set  the  primer  aside  in  a  small 
beaker  until  the  last  weighing.  To  the  beaker 
containing  the  parts,  add  enough  benzene  to  cover. 
The  beaker  is  then  covered  with  wrap  and  placed  in 
a  shaker  for  2  or  3  hours.  It  could  then  be  left 
overnight.  If  a  shaker  is  not  available,  the  cleaning 
time  can  be  lengthened  to  a  day  and  the  mixture 
stirred  now  and  then.  Since  this  is  the  main  grease¬ 
dissolving  procedure,  it  should  not  be  rushed. 
When  finished,  remove  the  cover  (in  the  hood)  und 
pick  each  piece  up  with  a  heavy  pair  of  tweezers  or 
long-nosed  pliers,  and  brush  each  piece  with  a 
small  stiff  brush.  In  these  tests,  u  glue  brush  7/8  by 
3/4  in,  was  used.  The  parts  should  not  be  scraped. 
Each  part  is  removed  and  placed  on  a  watch  glass. 
Then  the  benzene  and  any  particles  arc  transferred 
into  the  400-ml  beaker  with  the  methanol,  washing 
any  sediment  into  the  beaker  with  a  stream  of 
acetone  from  a  wash  bottle.  All  the  parts  are  then 
transferred  back  to  the  250-ml  beaker  with  care,  ao 
as  not  to  lose  any  of  the  small  parts.  The  parts  are 
then  covered  with  acetone  and  set  aside,  but  are 
stirred  several  times.  The  shaker  can  be  omitted. 
As  before,  wash  the  acetone  into  the  400-ml 
beaker,  washing  any  particles  with  a  stream  of 
acetone.  Repeat  the  acetone  wash  two  more  times. 
After  completing  the  washings,  transfer  the  parts  to 
an  aluminum  weighing  dish,  or  other  suitable 
container,  along  with  the  dumm>  primer,  and 
place  the  container  into  th  ?  •!.  ,  !• »  von  as  before; 
then  weigh  the  parts  as  bi  ore,  Repeat  the  drying 
and  weighing  until  constant  weight  is  reached,  as 
before.  Remove  the  parts  and  weigh  the  dish  with 
care.  From  the  total  weight,  subtract  the  weight  of 
the  dish;  this  is  the  weight  of  the  dean  parts. 
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To  another  tall  400-  or  500-rr.l  beaker,  place  an 
amount  of  methanol,  benzene,  and  acetone  equal  to 
the  amount  used  in  the  (ample.  This  is  the  blank, 
One  blank  is  enough  for  any  group  of  samples  run 
together.  This  blank  can  be  placed  on  the  back  of 
the  steam  bath,  or  low  hot  plate,  with  a  loose  cover. 
Cover  closely  enough  to  keep  out  dirt,  but  allow  the 
solvent  to  be  slowly  evaporated.  Do  not  allow  the 
solvent  of  the  samples  to  evaporate  —  keep  them 
well  covered  with  plastic  wrap  and  a  rubber  band. 

Allow  the  washings  from  the  samples  to  stand 
for  6  hours  or  overnight  (it  is  important  that  they 
not  be  moved).  Make  a  device  (as  shown  in  fig,  D- 1 ) 
to  suck  up  most  of  the  solvent,  leaving  about  25  ml 
or, so  in  the  bottom.  Add  about  150  ml  of  acetone  to 
the  sample.  Stir  and  again  let  sit  6  hours  or 
overnight,  and  treat  as  before.  Do  this  three  timet 
with  the  acetone.  All  the  sucked-up  washings  from 
one  sample  ure  returned  to  the  original  beaker, 
covered  loosely,  and  placed  on  the  steam  bath  to 


slowly  evaporate.  Be  sure  to  add  an  equal  amount 
of  acetone  to  the  blank  as  was  used  in  the  washings, 
which  ore  also  allowed  to  evaporate  slowly.  Keep 
loosely  covered  to  protect  the  residue. 

The  residue,  along  with  the  metal  particles,  is 
transferred  to  a  weighed  20-ml  beaker,  with  a 
stream  of  acetone.  It  is  evaporated  to  dryness  on 
the  steam  bath  and  kept  clean.  The  beaker  is 
replaced  in  an  oven  and  heated  at  about  70  or  80  C 
for  about  1  hour,  desiccated,  and  weighed.  Repeat 
the  healing  and  cooling  until  the  weights  are  within 
0.2  mg  or  lest  of  each  other. 

The  beakers  and  the  blank  containing  the  sol¬ 
vent  are  placed  on  the  back  of  the  steam  bath  or  on 
u  low-temperature  hot  plate  and  evaporated  alnumt 
to  dryness.  The  residue  is  transferred  to  a  weighed 
crucible  with  the  aid  of  a  fine  jet  of  acetone  from  a 
wash  bottle,  The  crucibles  are  evaporated  to  dry¬ 
ness  on  the  low  hot  plate, 
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To  this  point,  the  beakers  have  not  been 
“policed,"  although  this  is  necessary.  However,  the 
acetone  seems  to  react  with  the  soft-rubber-tipped 
glass  rod  used  to  dislodge  particles  from  a  beaker 
so  as  to  quantitatively  transfer  them  to  the  crucible. 
Therefore,  the  beakers  ore  washed  with  a  fine  jet  of 
distilled  water  from  a  wash  bottle,  collecting  all  the 
water  in  one  beaker  (of  the  sonic  run,  of  course). 
With  a  few  drops  of  water,  police  each  beaker  with 
the  glass  rod,  und  wash  each  beaker  with  h  small 
amount  of  the  water,  combining  the  water  into  the 
crucible,  a  bit  at  a  time,  allowing  the  svater  to 
evaporate.  When  the  crucible  is  dry,  wipe  the 
bottom  with  a  clean  doth  or  a  piece  of  filter  paper. 
Place  over  a  low  flame  and  bum  off  the  carbon.  If  a 
muffle  is  used,  set  the  temperature  at  about  400  C 
with  the  lids  ajar  and  the  door  partly  open  to  allow 
air  to  get  in,  When  the  curbor.  it  gone,  close  the 
door  and  raise  the  temperature  to  600  C,  no  higher. 
If  heating  the  crucible  over  a  flame,  raise  the 
temperature  until  the  crucible  is  u  dull  red.  Rotate 
the  crucible  with  a  pair  of  tongs  to  remove  uny 
blackness,  but  do  not  heat  too  high,  This  Is 
important,  since  much  of  the  fine  particles  may  be 
zinc,  which  cun  be  vaporized  easily.  In  fact,  zinc 
boils  off  at  900  C  completely.  When  finished, 
remove  the  crucible  and  place  in  a  desiccator  to 
cool,  Weigh  in  cbout  1  hour.  Repcut  the  heuting 
and  coding  until  the  weights  are  within  0.2  mg  of 
each  other. 

The  weight  of  the  timers  ut  the  beginning  of  the 
analysis  minua  the  weight  of  the  timers  in  the  clean 
state  is  the  “Total  Weight  Lojsb.” 

The  weight  of  ihe  20-rnl  beaker  uftcr  the  metal 
particles  are  collected  minua  the  weight  cf  the 
beaker  in  the  initial  statu  is  the  weight  of  the  course 
purtielee.  Label  accordingly. 

The  weight  of  the  fired  crucible  full  minus  the 
weight  of  the  fired  crucible  empty  is  the  uncor- 
reeled  weight  of  the  fine  particles.  This  weight 


minus  the  blank,  figured  the  same  way,  is  the 
corrected  weight  of  the  fine  particles.  Label 
accordingly. 

The  weight  of  the  coarse  particles  plus  the 
weight  of  the  fine  particles  is  the  weight  of  the  total 
metai  particles.  This  is  u  measure  of  the  amount  of 
wear  caused  by  the  TV  test.  Label  this  “Total." 
“Coarse,"  “Fines,"  and  “Total"  ore  all  sub-titles 
under  “Metal  Particles  Found."  The  “Total”  sub¬ 
tracted  from  the  "Total  Weight  Lost"  is  the  amount 
of  oil.  Label  this  “Oil." 

The  figure  given  for  the  coarse  particles  is  the 
most  accurate  and  is  90  percent  of  the  weight 
needed  to  measute  the  amount  of  wear  cuused  by 
the  TV  test.  The  "Fines"  account  for  20  percent  or 
less,  but  they  do  have  the  moBt  error.  The  metal 
particles,  for  the  most  part,  are  composed  of  zinc 
and  aluminum.  If  the  fine  particles  are  heuted  too 
high,  there  is  the  danger  that  some  zinc  is  lost  and 
some  of  the  aluminum  is  changed  to  oxide.  If  the 
metal  particles  are  not  heated  enough,  there  muy  be 
some  carl/on  loft.  In  addition,  we  assume  thut  all 
the  oil  burns  off.  The  organic  part  of  the  oil  does, 
but  some  oils  may  have  such  uddltives  us  sodium 
salts,  and  these  would  be  left.  It  can  be  seen  that 
some  of  the  errors  are  additive  while  others  uru  i^u 
negative  application.  Howovor,  since  the  fines  a.  0 
ut  the  most  only  10  percent  of  the  total  metal 
particles,  the  errors  muy  neutralize  each  other. 
Further  correction  is  not  advised,  The  main  con¬ 
sideration  is  to  have  a  good  vnlue  to  act  us  a 
measure  of  comparison  between  samples. 

As  cun  be  seen,  the  oil  is  fount!  by  difference.  All 
the  errors  in  any  par*,  of  tlu  analysis  will  full  on  this 
section.  For  example,  any  of  the  alkali  suits,  such  us 
sodium,  thut  may  have  been  in  the  oil  will  he  found 
und  counted  us  fine  purticles.  A  knowledge  of  the 
original  oil  used  might  help  dear  this  up  somewhut 
but  is  probably  not  neeessuiy. 
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APPENDIX  E 


TABLE  E-l,  9&A  VIBRATION  TEST  DATA,  April  13,  14,  1977 


Hun#  li  Accelerometer  oppoilte  (180”)  etraln  gage 
Hun  #  2i  Accelerometer  adjacent  ( 90*)  etraln  gage 


T«l  Number  indicate!  pualllon  of  device  on  ahaker  tubln 
Tral-!  i  Device  on  top  of  ahaker,  Z-eompunent  verticil) 
Tcet-lii  Uavlca  on  aide  of  ahukar,  X-curoponent  vertical 
Tuat-3i  Device  un  aide  of  tlieltrr,  Y-eomp<meut  vertical 


See  Figure  >,  body  of  report. 


EVENT 

Start  Time 

End  Time 

Duration 

Tape 

Recorder 

Channel 

Tape 

Reel 

No. 

r 

H 

M 

jJ 

D 

H 

M 

_jJ 

(Min)(a) 

Calibration 

102 

11 

13 

23 

102 

13 

32 

53 

5-3 

2-7 

1 

Run*l  Teat-1 

102 

14 

9 

01 

102 

14 

38 

54 

30 

2-7 

1 

Calibration 

103 

9 

10 

41 

103 

9 

20 

40 

.1-41 

2-7 

1 

Run-1  Teat-2 

103 

9 

24 

IS 

103 

9 

54 

01 

30 

2-7 

1 

Calibration 

103 

10 

10 

12 

103 

10 

20 

SI 

3-37 

2-7 

2 

Run-1  Teat-3 

103 

10 

40 

20 

103 

11 

10 

20 

30 

2-7 

2 

Calibration 

104 

11 

16 

09 

104 

n 

40 

58 

4-50 

2-7 

2 

Run-2  Teat-1 

104 

13 

38 

40 

104 

14 

17* 

17 

30 

2*7 

2 

Calibration 

104 

14 

52 

IS 

104 

IS 

02 

25 

3-29 

2-7 

3 

Run-2  Teat-2 

104 

IS 

03 

30 

104 

IS 

33 

30 

30 

2-7 

- 

Run-2  Teat-3 

104 

IS 

41 

30 

104 

16 

12 

16 

30 

2-7 

3 

Channel  Noi 

1 

2 

3 

4 

S 

6 

7 

Data 

1R1CB  Freq 

ContAco  Aoo-Z 

Adc-Y 

Aee-X 

Cage 

Hun  Number  Indloatee  poaition  of  accelerometer  un 

SAA  device 

See  Figure  1,  body  of  repcrt. 
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TABLE  E-2.  ACCELEROMETER  TEST  DATA  MAY  12, 1977 


E 


Caliuration 
Strain  gage 
1  '0  (MV  RMS) 
200 
300 

X  Channel 
300  (MV  RMS) 
200 
100 

Y  Channel 
500  (MV  RMS) 
400 
300 
200 
100 

Z  Channel 
1000  (MV  RMS) 


End  Time 

Duration 

aa 

M 

S 

D 

H 

M 

S 

to 

102  11 

13 

23 

102 

11 

13 

34 

11 

102  11 

13 

34 

102 

11 

13 

34 

0.35 

102  11 

13 

34 

102 

11 

13 

40 

6 

Tri-Axial  Accelerometn 

102  11 

14 

47 

102 

11 

14 

00 

13 

102  11 

14 

00 

102 

11 

14 

04 

4 

102  11 

14 

04 

102 

11 

14 

11 

7 

Tri-Axial  Accelerometer 

102  11 

17 

23 

102 

11 

17 

35 

12 

102  11 

17 

35 

102 

11 

17 

38 

3 

~  — 

17 

38 

- 

— 

17 

42 

4 

_  — 

17 

42 

— 

— 

17 

46 

4 

_  _ 

17 

46 

- 

- 

17 

49 

3 

Tri-Axial  Accelerometer 

102  11 

18 

42 

102 

11 

18 

57 

15 

-  — 

18 

57 

— 

— 

19 

03 

5 

—  — 

19 

03 

— 

— 

19 

07 

4 

- 

19 

07 

— 

- 

19 

11 

4 

-  — 

19 

11 

— 

— 

19 

16 

5 

-  — 

19 

16 

- 

- 

19 

21 

5 

-* 

Channel  No 
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TABLE  E-3,  S&A  TEST  DATA,  May  12,  1977  (Cont'd) 


EVENT 

Start  Time 

End  Time 

D 

H 

M 

1 

s  ■ 

D 

H 

M 

S 

Z  Channel 

Tri-Axial  Accelerometer 

500  (mV  RMS) 

103 

10 

16 

5 

103 

10 

16 

15 

400 

103 

10 

16 

15 

103 

10 

16 

21 

300 

103 

10 

16 

22 

103 

10 

16 

27 

2t)0 

103 

10 

16 

27 

103 

10 

16 

31 

100 

103 

10 

16 

31 

103 

10 

16 

34 

Y  Channel 

Tri-Axial  Accelerometer 

500  (mV  RMS) 

103 

10 

17 

39 

103 

10 

17 

44 

400 

103 

10 

17 

44 

103 

10 

17 

48 

300 

103 

10 

17 

48 

103 

to 

17 

52 

200 

103 

10 

17 

52 

103 

10 

17 

55 

JOO 

103 

10 

17 

55 

103 

10 

17 

58 

X  Channel 

Tri-Axial  Accelerometer 

500  (mV  RMS) 

103 

10 

18 

55 

103 

10 

19 

08 

400 

<03 

10 

19 

08 

103 

10 

19 

09 

300 

103 

10 

19 

09 

103 

10 

19 

12 

200 

103 

10 

19 

12 

103 

10 

19 

15 

100 

103 

10 

19 

15 

103 

10 

19 

18 

Calibration 

Strain  Cage  Channel 

500  (mV  RMS) 

103 

10 

20 

21 

103 

10 

20 

29 

400 

- 

— 

20 

29 

- 

35 

300 

- 

— 

20 

35 

— 

- 

20 

41 

200 

- 

— 

20 

41 

- 

— 

20 

46 

100 

- 

— 

20 

46 

- 

- 

20 

51 

RUN#  1 

TEST  3 

103 

10 

40 

20 

103 

11 

10 

20 

Calibration 

Strain  Gage  Channel 

10  (mV  RMS) 

104 

11 

16 

09 

104 

11 

15 

20 

- 

- 

16 

15 

— 

— 

16 

22 

30 

— 

— 

16 

22 

— 

— 

16 

30 

E 


Surt  Time 


D 

H 

M 

S 

40 

— 

— 

16 

30 

SO 

- 

— 

16 

58 

100 

— 

- 

17 

09 

300 

,  - 

- 

17 

42 

400 

— 

— 

17 

56 

500 

- 

— 

18 

04 

600 

— 

— 

18 

10 

700 

— 

— 

18 

IS 

800 

— 

— 

18 

19 

90C 

— 

— 

18 

23 

1000 

Ml 

- 

18 

28 

Calibration 

X  Channel 

10  (mV  RMS) 

Tri-Ail al  Accelerometer 

104  11  25 

45 

20 

— 

- 

25 

50 

30 

— 

*“ 

25 

53 

40 

— 

— 

25 

56 

50 

— 

- 

25 

59 

60 

— 

— 

26 

02 

70 

— 

- 

26 

05 

80 

— 

— 

26 

08 

90 

— 

- 

26 

11 

100 

— 

— 

26 

15 

200 

— 

- 

26 

28 

300 

— 

— 

26 

32 

400 

— 

- 

26 

35 

500 

— 

- 

26 

37 

600 

— 

— 

26 

40 

700 

— 

- 

26 

41 

800 

— 

- 

26 

43 

900 

— 

- 

26 

45 

1000 

— 

— 

26 

47 
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TABLE  E-3,  S&A  TEST  DATA,  May  12,  1977  (Cant'd) 


Start  Tima 


D  H  M  S 


Calibration 
V  Channel 
10  (mV  RM9) 
20 


30 

40 

SO 

60 

70 

80 

90 

100 

‘200 

300 

400 

500 

600 

700 

800 

900 

1000 

Calibration 
Z  Channel 
10  (mV  RMS) 


29 
29 
29 
29 

29  20 

29  22 

29  24 

29  26 

29 


End  Time 

D 

H 

M 

S 

104 

11 

29 

11 

- 

- 

29 

12 

- 

— 

29 

14 

— 

— 

29 

16 

- 

— 

29 

IB 

— 

— 

29 

20 

— 

— 

29 

22 

— 

— 

29 

24 

— 

— 

29 

26 

— 

— 

29 

28 

— 

— 

29 

32 

- 

— 

29 

34 

- 

- 

29 

36 

- 

- 

29 

38 

- 

— 

29 

40 

- 

— 

29 

42 

.  — 

— 

29 

44 

— 

— 

29 

46 

— 

— 

29 

50 

104 

11 

38 

44 

- 

— 

38 

45 

— 

— 

38 

47 

- 

— 

38 

49 

— 

— 

30 

31 

- 

— 

38 

S3 

- 

— 

38 

55 

- 

— 

38 

57 

- 

- 

38 

59 

Duration  I  Recorder  Tape 
~hannel  No.  Reel 


r v,  ..-^  .pyj,, „  .„  .rfl  )>ilu  _  ^  ^  iaj. 
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TABLE  E*3,  S4A  TEST  DATA,  May  12,  1977  (Coat’d) 


Start  Tim* 


H  M 


End  Time 


H  M 


Duration  Recorder  Tape 
.—  Channel  Wo.  Reel 
S  (a)  Mode  No. 


‘bad  read 
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TABLE  E-3.  S&A  TEST  DATA  MAY 


(Coni’ll) 


Calibration 

Z  Channel 


20 


Calibration 
Frequency  Channel 
*OHa/*OV  dc 
50()H»/IV  do 

KUN-2 


|  Start  Time 

End  Time 

Duration 

D 

H 

M 

S 

D 

H 

M 

S 

(•) 

— 

— 

68 

22 

— 

— 

58 

24 

2 

- 

— 

58 

24 

— 

- 

58 

26 

2 

— 

— 

58 

26 

— 

- 

58 

28 

2 

— 

— 

58 

28 

— 

— 

58 

30 

2 

— 

— 

58 

30 

— 

— 

58 

32 

2 

- 

- 

58 

32 

— 

- 

58 

39 

7 

Tri-Axial  Accelerometer 

104 

IS 

0 

00 

104 

IS 

0 

02 

2 

— 

— 

0 

02 

— 

— 

0 

04 

2 

— 

— 

0 

04 

— 

— 

0 

06 

2 

— 

— 

0 

06 

— 

- 

0 

08 

2 

— 

— 

0 

08 

- 

— 

0 

10 

2 

- 

— 

0 

10 

— 

— 

0 

12 

2 

— 

- 

0 

12 

- 

— 

0 

14 

2 

— 

- 

0 

14 

— 

— 

0 

16 

2 

- 

— 

0 

16 

— 

— 

0 

18 

2 

- 

— 

0 

18 

- 

— 

0 

20 

2 

— 

— 

0 

21 

— 

— 

0 

23 

2 

- 

— 

0 

23 

- 

- 

0 

25 

2 

— 

— 

0 

25 

— 

- 

0 

27 

2 

— 

— 

0 

27 

- 

— 

0 

29 

2 

— 

- 

0 

211 

- 

— 

0 

31 

2 

— 

— 

0 

31 

- 

— 

0 

34 

a 

— 

— 

0 

34 

- 

— 

0 

36 

2 

— 

— 

0 

36 

— 

- 

0 

38 

2 

— 

0 

38 

— 

— 

0 

44 

6 

104 

15 

01 

57 

104 

ir» 

02 

07 

10 

104 

IS 

02 

15 

104 

15 

02 

25 

10 

104 

IS 

03 

30 

104 

15 

33 

30 

*30  inin 

104 

15 

41 

30 

104 

16 

12 

16 

=30  min 

't-‘-T^*-tli*-^^j  \A  V;  il  till  V;jK 
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APPENDIX  F.  -  SPECTRAL  DATA  ANALYSIS  RECORDS 

This  appendix  preaenti  the  reiulu  of  an  analysis  of  taw  data  collected  on  the  S&A  module  in  various 
teat  configuration!.  Refer  to  individual  teat  records  (spp  E)  for  test  configuration  and  identification 
(raw  data  have  not  been  included). 
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POWGR-P,  CHAN-C 


POWER-P,  CHAN‘C 


T 


RECORD  ID  -  3 
TEST  NUMBER  1-2 
RMS  LEVEL  -  .5061 
RES.B.W,  -  8  Hi 


J _ I _ L 

700  800  900 


1 - 1 - 

RECORD  ID  -  7 
REST  1  Z  RUN  2 
RMS  LEVEL  >  .4819 
RES  B.W,  -  Bill 


I  I  I 


700 


BOO 


!:T» 


OWER  -  P.  CHAN  -  C  „  _  OWER-P.CHAN  C 


APPENDIX  F 


00  100  200  300  «00  BOO  900  700  800  BOO  1000 

FREQUENCY  Hi 


90 


91 


APPENDIX  F 


REALS 


REALS 


APPENDIX  F 


200  300 

FREQUENCY  (Hi) 


FREQUENCY  (Hil 


POWER  SPECTRAL  DKNBITY 

Y-ACCELEROMETER 

ACC  Y  OUTPUT,  TEST  2.  POSITION  A 


'00 


l' 


800 


•00 


RECORD  ID  -  8 
TEST  2-X  RUN  2 
RMS  LEVEL  -  1.04 
RES.B.W.  -  8  Hi 


i.>.  1’vft. ,.j ■.  'ivvi  ..’i  iff  -  e.  ■-!  .  ~  '-  :  ‘  ,Ji|  V.V  '•**' 
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POWER-P,  CHAN-C 


100  200  300  400  GOO  600  700  800  900 


FREQUENCY  IHtl 


APPENDIX  F 


0  100  200  300  400  600  600  700  800  800  1000 

FREQUENCY  (Hi) 


PCM'ER  P,  CHAN  C 


98 


x  accelerometer  test  a-x,  PORTION  a 


APPENDIX  F 


REALS 


HEALS 


0  054 


0.002  - 

0  - 1 _ L 

0  100 

REAL 


J _ L 

200  300 

FREQUENCY  (Hj) 


POWERP,  CHAN-C 


1 
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POWERP,  CHAN-C 


POWER-P,  CHANC 


YACCELEROMETER.  TE8T  3Y.  RUN  1,  POSITION  A 


!/  —  -L~  r 


' ,  Ws. 
Uh 
4 


Distribution 


admin 
defense 

ATM  DDC-TCA  (12  COPIEB) 
CAMERON  STATION.,  WILD  IMG  S 
ALEXANDRIA,  VA  ,!.:3I4 


COMMAND— 

us  Amir  men  a  *n>  or  (sun) 

»  ATM  L1C  JAMES  N,  KBMKEDY,  JR. 

emsf .  minxes  «  math  branch 

FRO  MM  YORK  09510 

f‘  COMMANDER 

US  ARMY  MATERIEL  DEVELOPMENT  t 
RIADXNSSS  C0WU1D 
ATM  DEXAM-TL,  HQ  TMCH  LIBRARY 
ATM  DRCPP-I,  COL  C.  N.  MCDONSLL,  JR. 
ATM  DNCQA,  NR.  S.  J.  UMNXXR 
ATM  DRCQA-I,  HR.  X.  SMART 

ATM  DRCQA-P,  HR.  R.  V.  TIMER 

ATM  DRCNT,  NR.  R.  GARDNER 
3001  EXSENHOHRR  AVENUE 
ALEXANDRIA,  VA  22331 


COMMANDER 

us  Amy  missile  a  munitions 

CENTER  a  SCHOOL 
ATTN  ATSX-CTD-E 
REDSTONE  ARSENAL,  AL  15S09 


DIRECTOR 

US  AMY  MATERIEL  SYSTEMS  ANALYSIS  ACTIVITY 
ATM  DRX8Y-KP 

ABERDEEN  PROVING  GROUND,  HD  21005 


DIRECTOR 

US  ARMY  BALLISTIC  RESEARCH  LABORATORY 
ATM  DRDAR-T8B-8  (STINFO) 

ABERDEEN  PROVING  GROUND,  ND  21005 


TELEDYNE  BROWN  ENGINEERING 
CUMMINGS  RESEARCH  PARE 
ATM  DR.  MELVIN  L.  PRICE,  MS-44 
HUNTSVILLE,  AL  35807 

ENGINEERING  SOCIETIES  LIBRARY 
345  EAST  47TH  STREET 
ATM  ACQUISITION  DEPARTMENT 
NEW  YORK,  NY  10017 

US  ARMY  ELECTRONICS  TECHNOLOGY 
a  DEVICES  LABORATORY 
ATM  DELET-DO 
PORT  MONHOUTH,  NJ  07703 


COMMANDER 

US  Amy  ARMAMENT  MATERIEL 
READIMISS  COMMAND 
ATM  DR8AR-QA,  MR.  J.  0B REN 
ATM  DRSAR-LEX,  MR.  G.  FISHER 
ATM  DR8AR-LBP-L,  TECHNICAL  LIBRARY 
ROCK  ISLAND,  XL  61299 

OFFICE  OF  CHI2F  CT  RESEARCH 
AND  DEVILOFMCNT 
DEPARTMENT  OP  THE  ARMY 
ATM  DARD-ARS-P 
WASHINGTON,  DC  20310 

COMMANDER 

ARMY  RESEARCH  OFFICE 

BOX  CM 

DUXX  STATION 

ATM  DR.  H.  M.  DAVIS 

ATM  J.  J.  MURRAY 

DURHAM,  NC  27706 

DIRECTOR 

US  Amy  PRODUCTION  EQUIPMENT  AGENCY 

ATM  AM  EVE -MT 

ROCK  ISLAND  ARSENAL 

ROCK  ISLAND,  IL  61201 

DXRICTOR 

AmY  MATERIALS  AND  MECHANICS  CENTER 
ATM  P.  STANTON,  AMXMR-MQ  (2  COPIES) 
WATERTOWN,  HA  02172 

COMMANDER 

US  AmY  ARMAMENT  RED  COMMAND 
ATM  E.  K.  STEWART,  DRDAR-TSE-EE 
ATTN  G.  R.  TAYLOR,  DRDAR-LCN-C 
ATM  FRED  STEINBERG,  DRDAR-LNC-T 
ATM  STEVE  RUFFIM,  DRUAR-LCV-B-P 
DOVER,  NJ  07801 

COMMANDER 

U8  ARMY  AVIATION  RED  COMMAND 
ATM  DRDAV-QP,  HR.  J.  T.  CONROY 
ATTN  DRDAV-QP,  MR.  T.  FOJETA 
ST.  LOUIS,  HO  63166 

COMMANDER 

US  ARMY  DEPOT  SYSTEM  COMMAND 
ATM  DRSD6-Q,  NR.  G.  Y.  OKA 
LETTERKENNY  AmY  DEPOT 
CHAMBERSBURG,  PA  17201 

COMMANDER 

US  ARMY  COMMUNICATIONS  AND  ELECTRONICS 
MATERIEL  READINESS  COMMAND 
ATTN  DRSEL-PA-E,  MR.  S.  ALSTER 
FORT  MONMOUTH,  NJ  07703 


"■■S' 


$ 
■  a 


''i. 

a 
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\ 

t 

.5 

*1 


% 
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DISTRIBUTION  (Cont'd) 


COMMANDER 

US  ARMY  COMMUNICATIONS  MD  COMMAND 
ATTN  DRDCO-PT,  MR.  J.  W.  D'ORXA 
FT.  MONMOUTH.  NJ  07703 

COMMANDER 

US  ARMY  MISSILE  MATERIEL 
READINESS  COMMAND 
ATTN  DRSMI-Q,  MR.  L.  V.  ATKINSON 
REDSTONE  ARSENAL,  AL  3 5809 

CONHANDKR 

US  ARMY  MISSILE  RED  COMMAND 
ATTN  DRDMI-Q,  MR.  SL.  L.  HARDY 
REDSTONE  ARSENAL,  AL  35809 

COMMANDER 

US  ARMY  MOBILITY  EQUIPMENT 
RESEARCH  AND  DEVELOPMENT  COMMAND 
ATTN  DRDME-TQ,  MR.  B.  P.  WHALEY 
ATTN  DRDME-V,  MR.  E.  YORK 
FT.  BEL  VOIR,  VA  32060 

COMMANDER 

US  ARMY  NATICK  RAD  COMMAND 
ATTN  DRDIW-E,  MR.  E.  P.  LEVELL 
KANSAS  STREET 
NATICK,  MA  01760 

COMMANDER 

US  ARMY  TANK-AUTOMOTIVE 
MATERIEL  READINESS  COMMAND 
ATTN  DRBTA-Q.  MR.  L.  K.  JOKUBAITIS 
WARREN,  MI  48090 

COMMANDER 

US  ARMY  TANK-AUTOMOTIVE 
RSD  COMMAND 

ATTN  DRDTA-JA,  NR.  D.  QAMACHE 
WARREN,  MI  4S090 

COMMANDER 

US  ARMY  TEST  AND  EVALUATION  COMMAND 
ATTN  DRBTE-AD-M,  MR.  S.  CHAMPION 
ABERDEEN  PROVING  GROUND,  HD  21005 

COMMANDER 

ABERDEEN  PROVING  GROUND 

ATTN  STRAP-KT-M,  MR.  B.  H.  YARBOROUGH 

ABERDEEN  PROVING  GROUND,  MD  21005 

COMMANDER 

US  ARMY  ELECTRONIC  PROVING  GROUND 
ATTN  8TEEP-MT,  COL  J.  H.  PHILLIPS 
FT.  HAUCHUCA,  AZ  85613 

COMMANDER 

US  ARMY  COGWAY  PROVING  GROUND 
ATTN  STEDP-QA,  MR.  D.  F.  FULLER 
OUGWAY,  UP  84022 


COMMANDER 

US  ARMY  JEFFERSON  PROVING  GROUND 
ATTN  STEJF-TD,  MR.  I.  X.  PETERSON 
MADISON,  IN  47250 

COMMANDER 

US  ARMY  YUMA  PROVING  GROUND 
ATTN  8TEYP-TD,  MR.  R.  H.  MILLER 
YUMA,  AZ  85364 

COMMANDER 

US  ARMY  WHITE  SANDS  MISSILE  RANGE 
ATTN  STEWS-QA,  MR.  G.  F.  BIGELOW 
WHITE  SANDS  MISSILE  RANGE,  NM  88002 

COMMANDER 

UB  ARMY  COLD  REGIONS  TEST  CENTER 
ATTN  8TECR-PL-MI 
APO  SEATTLE  98733 

COMMANDER 

US  ARMY  TROPIC  TEST  CKITER 
ATTN  8TETC-PD-M 
DRAWER  942 
PP.  CLAYTON,  CZ 

COMMANDER 

US  ARMY  TROOP  SUPPORT 
AND  AVIATION  MATERIEL 
READINESS  COMMAND 
ATTN  DR8T8-Q,  MR.  V.  D.  MILLER 
4300  GOODFELLOW  BOULEVARD 
ST.  LOUXB,  MO.  63120 

COMMANDER 

ANNISTON  ARMY  DEPOT 

ATTN  BDSAN-DQ,  MR,  PENNINGTON 

ANNISTON,  AL  36202 

COMMANDER 

CORPUS  CHRISTI  ARMY  DEPOT 
ATTN  SDSCC-QQ,  MR.  J.  G.  DAVIS 
C0RFU8  CHRISTI,  TX  7S419 

COMMANDER 

LETTERXKNNY  ARMY  DEPOT 

ATTN  SDSLE-QA,  MR.  P.  E.  CRAMER 

CHAMBERSBURG,  PA  17291 

COMMANDER 

NEW  CUMBERLAND  ARMY  DEPOT 
ATTN  UDSNC-Q,  MR.  A.  J.  MARSCH 
NEW  CUMBERLAND,  PA  17070 

COMMANDER 

RED  RIVER  ARMY  DEPOT 

ATTN  BDSRR-fiA,  MR.  J.  F.  BARLING 

TEXARKANA,  TX  75501 
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COMMANDER 

LEXINGTON -BLUE  GRASS  ACTIVITY 
ATTN  SDSRR-LQ,  MR.  P.  JACKSON 
LEXINGTON,  KY  40511 

COMMANDER 

SACRAMENTO  ARMY  DEPOT 

ATTN  SDSSA-QSM,  MR.  W.  J.  WALKER 

SACRAMENTO,  CA  95801 

COMMANDER 
SAVANNA  ARMY  DEPOT 

ATTN  SDSSV-VC,  LTC  R.  E.  BOGENRIFE 
SAVANNA,  IL  61074 

COMMANDER 
SENECA  ARMY  DEPOT 

ATTN  SDSSE-RG,  MR.  G.  A.  OFFERDAHL 
ROMULUS,  NY  14541 

COMMANDER 

SHARPE  ARMY  DEPOT 

ATTN  SDSSH-Q1,  MR.  C.  WOOD 

LATHROP,  CA  95330 

COMMANDER 
SIERRA  ARMY  DEPOT 

ATTN  SDSSI-QA,  MR.  V.  J.  MATTHIESEN 
HERLONG,  CA  96113 

COMMANDER 

TOBYHANNA  ARMY  DEPOT 

ATTN  SDSTO-QA,  MR.  J.  VAYDA 

TOBYHANNA,  PA  18466 

COMMANDER 

TOOELE  ARMY  DEPOT 

ATTN  SDSTE-QA,  MR.  E.  B.  WINN 

TOOELE,  UT  84074 

COMMANDER 

PUEBLO  ARMY  ACTIVITY 

ATTN  SDSTE-PU-Q,  MR.  C.  W.  GRAY 

PUEBLO,  CO  81001 

DIRECTOR 

US  ARMY  INDUSTRIAL  BASE 
ENGINEERING  ACTIVITY 
ATTN  DRXIB-MT,  MR.  D.  BRIM 
ROCK  ISLAND  ARSENAL,  IL  61299 

COMMANDER 

WRIGHT  AIR  DEVELOPMENT  DIVISION 
ATTN  AS MC  (2  COPIES) 

ATTN  D.  EARLS 

WRIGHT-PATTERSON  AFB,  OH  45433 


DIRECTOR 

ARMAMENT  DEVELOPMENT  6  TEST  CENTER 
ATTN  D.  G.  COX,  CODE  TETPA 
ATTN  J.  NICHOLS,  CODE  SESS 
EGLIN  AFB,  FL  32542 

COMMANDER 

PACIFIC  MISSILE  RANGE 
NAVAL  MISSILE  CENTER 
ATTN  MR.  ERIC  DEJONG 
POINT  MUGU,  CA  93042 

COMMANDER 

NAVAL  ELECTRONICS  LABORATORY  CENTER 
ATTN  CHIEF,  VIBRATION  TEST  LAB 
SAN  DIEGO,  CA  92152 

COMMANDER 

NAVAL  UNDERSEA  CENTER 

ATTN  CHIEF,  VIBRATION  TEST  LAB 

SAN  DIEGO,  CA  92132 

COMMANDING  OFFICER 
NAVAL  SURFACE  WEAPONS  CENTER 
ATTN  E.  R.  ZEPKA,  CODE  702 
ATTN  C.  F.  FRIEDINGER,  CODE  701 
ATTN  R.  S.  RXED,  CODE  702 
ATTN  J.  WALKER,  CODE  701 
WHITE  OAX,  MD  20910 

NAVAL  WEAPONS  CENTER 

ATTN  R.  R.  EMERSON,  CODE  3351 

CHINA  LAXE,  CA  93555 

COMMANDER 

PACIFIC  MISSILE  TEST  CENTER 
ATTN  LOREN  S.  RUSSAKOV,  CODE  2253 
PT  MUGU,  CA  93042 

NASA,  GODDARD  SPACE  FLIGHT  CENTER 

ATTN  B.  KEEGAN 

ATTN  E.  J.  KIRTCHMAN 

ATTN  L.  COOKE 

GREENBELT,  MD  20771 

GENERAL  ELECTRIC  COMPANY 
ENVIRONMENTAL  ENGINEERING 
AEROSPACE  ELECT.  SYSTEMS  DEPT. 

ATTN  RONALD  LAMBERT,  MANAGER 
869  BROAD  STREET 
UTICA,  NY  13501 

SANDIA  LABORATORIES 
LIVERMORE  LABORATORY 
ATTN  D.  B.  NELSON 
P.O.  BOX  969 
LIVERMORE,  CA  94550 
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SAMDIA  LABORATORIES 
ARM  D.  O.  8NALLHOOO 
ARM  N.  HUNTER 
P.O.  BOX  5800 
ALBUQUERQUE,  MM  87115 

BOEING  AEROSPACE  COMPANY 
ARM  JOHN  D.  FAVOUR 
P.O.  BOX  3999 
SEATTLE,  NA  98124 

US  ARMY  ELECTRONICS  RESEARCH 
A  DEVELOPMENT  COMUND 
ARM  TECHNICAL  DIRECTOR,  DRDEL-CT 
ARM  ZASTROW,  K. ,  DRDEL-PA 
ARM  DRDEL-PAO 

HARRY  DIAMOND  LABORATORIES 
ARM  00100,  COMMANDER/ TECH  DIR/TSO 
ATTN  CHIEF,  DIV  10000 
ARM  CHIEF,  DIV  20000 
ATTN  CHIEF,  DIV  30000 
ARM  CHIEF,  DIV  40000 
ATTN  RECORD  COPY,  81200 
ATTN  HDL  LIBRARY,  81100  (3  COPIES) 

ATTN  HDL  LIBRARY,  81100  (WOOOBRIDGE) 

ARM  TECHNICAL  REPORTS  BRANCH,  81300 

ATTN  CHAIRMAN,  EDITORIAL  COMMITTEE 

ARM  CHIEF,  00210 

ATTN  CHIEF,  LAB  34000 

ARM  CHIEF,  LAB  15000 

ATTN  CHIEF,  LAB  36000 

ATTN  CHIEF,  LAB  47000 

ATTN  CHIEF,  IAB  48000 

ARM  OVERMAN,  D./BEARD,  J.,  34200 

ATTN  INGERSOL,  P. ,  34300 

ARM  8HEBO,  R.,  15300 

ATTN  SMMERMAN,  P. ,  15300 

ATTN  CRANLEY,  J. ,/WESTLUND  R. ,  36100 

ATTN  NEILLY,  D. ,  36100 

ATTN  MCLAUGHLIN,  P.  W.,  47100 

ATTN  ANTEL,  J. ,  47500 

ATTN  WILLIS,  B.  F.,  47400 

ATTN  CHIEF,  48100 

ATTN  CHIEF,  48200 

ATTN  CHIEF,  48500 

ATTN  FRYDMAN,  A.  M. ,  (5  COPIES)  48500 
ATTN  TEVELOW,  F.,  (5  COPIES)  48500 
ATTN  LDCEY,  G. ,  JR,  47700 
ATTN  CHIEF,  36100 

ATTN  CAMPAGNUOLO,  C.  J./DAVIS,  H. ,  34500 

ATTN  PALMISANO,  R. ,  47500 

ATTN  MILLER,  J./PROBST,  M. ,  36200 
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